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This research was conducted to discover how the U.S. building construction and
forest products sectors could benefit from the development of tall, cross-laminated (CLT)
and mass timber buildings. Barriers that may restrict such development were also
investigated. The primary benefits were discovered to be eco-performance and job
creation. Code restrictions and material performance misconceptions were found to be the
largest obstacles. Case studies of Treet, Tamedia, and the WIDC were conducted to
demonstrate the benefits of tall wood buildings and the various paths around potential
barriers. Opportunities for tall wood buildings in the U.S. are also discussed. This
research discovered that a tall wood movement is gathering momentum in the U.S. To
fully realize this potential, accurate information regarding the use of wood and the
performance capacities of mass timber systems needs to be disseminated. Co-operation
between academia and industry will also be necessary.
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INTRODUCTION
“...[T]he utilization of wood, the most important renewable material, on all
aspects of human existence appears to be the most effective way to optimize the
use of resources and to reduce the environmental impact associated with
mankind's activities”
Sinha et al. (2013).
Construction of tall, massive timber buildings is becoming more and more
common in Europe, Australia, and Canada. However, until recently, the trend has not
reached the United States (U.S.). Yet, as one of the worlds largest producers of forest
products, this country is particularly well suited to the growth of tall, massive timber
development. As such, the U.S. is perfectly poised to also become a world leader in
innovative wood building and design. Furthermore, the development of such a market
would be extremely beneficial to the forest products and building construction industries.
In order for U.S. forest products companies to capitalize on this burgeoning market for
massive timber and large-scale wooden buildings, there is a need to better understand the
motivations and perspectives behind the development of such projects. This means
examining completed projects at the international level as well as the perspectives that
may hinder the development of these types of projects in the United States. This paper
was developed in response to this need. It will provide answers to the question why the
1

development of tall, massive timber buildings would be beneficial to the U.S., and will
examine current barriers to such development.
To further assist in answering this question, case studies of three completed tall,
massive timber buildings will be included in this paper. The development of a new
market is served by access to in-depth information. Thus, the case studies in this paper
are intended to illustrate the multiple ways that tall, massive timber buildings can be
constructed. Of particular interest are why massive timber was chosen for each project,
the structural systems that enabled the projects to go tall, and the ways by which the
project teams worked around any barriers that were present. The case studies will show
that these types of buildings are able to satisfy the needs of any number of different
construction purposes.
In addition to the case studies, the paper will discuss the potential for the
development of a tall, massive timber market in the U.S., including support, at both state
and federal levels of government; the significant associated economic and environmental
impacts; and the exciting potential for the creation of resilient buildings.
There are differing definitions of how many stories a building must be to be
considered tall. Bowyer et al. (2016) state that any building over five stories whose
primary structure is composed of wood is considered a tall wood building. The National
Fire Protection Association (NFPA) defines any building seven stories or higher as a
high-rise (Hall 2000). U.S. building code restricts the height of wood buildings to no
more than six stories. As code restriction is currently the greatest barrier to tall wood
development, this paper will follow the NFPA definition and state that tall, massive
timber buildings are defined as seven or more stories.
2

The primary driver for the use of timber in taller buildings is concern for the
environment (Barber 2015). The effect that humanity is having on the planet has
increasingly become a part of the discussion with regard to the built environment.
Increasing attention is being given to building materials and the ways in which buildings
are constructed. Mounting importance is placed on decreasing embodied energy and
increasing efficiency throughout a building's life cycle. This growing concern and
awareness of the negative ecological impact of the built environment is coupled with a
growing body of evidence that shows wood-based materials can mitigate this impact.
Environmental benefits of wood
Wood is a sustainable material. It is environmentally beneficial to the planet
during its growth cycle and throughout its use in the building and construction sector. It is
the only self-renewing building material and, when properly managed, is an infinite
resource (Falk 2010 and Kim 2014). Espinoza et al. (2012) found that sustainably
managed and harvested wood products have the smallest environmental impact of any of
the materials used by humans. Wood, due to forest growth and subsequent carbon
sequestration in building products, is the only material capable of achieving a net
reduction in carbon dioxide (CO2) emissions (Gustavsson et al. 2006, Ximenes and
Cowie 2008, Falk 2010, Espinoza et al. 2012, Pajchrowski et al. 2014). These attributes
position wood as the only building material capable of having a net negative carbon
footprint, or, at the very least, being carbon neutral (Falk 2010).
The topic of increasing the use of forest products in building construction often
elicits questions of deforestation and the need to conserve the planet's forest resources.
However, according to Falk (2010) and Oliver et al. (2014), only about fifty percent of
3

the wood that is currently harvested ends up in buildings and the construction sector. This
fact potentially allows more wood to be used in the sector without additional harvesting.
Oliver et al. (2014) also found that the 3.4 billion meters3 of wood harvested each year
represents only twenty percent of annual growth and that increasing the harvest to thirtyfour percent of the annual growth would be beneficial at all levels. Furthermore, there is a
growing body of research that shows forests are more productive and sequester more
carbon when they are properly managed (Falk 2010, Oliver et al. 2014, Stewart and
Sharma 2015). Stewart and Sharma (2015) found that managed forests have a thirty
percent higher carbon storage potential than “natural” forests. This implies, that though
conservation measures are important, there is also room for an increase in forest
management techniques in certain locations. Additionally, the overall carbon storage
potential increases as more wood-based products are employed in the market and used in
place of non-wood materials (Gustavsson et al. 2006).
Nationwide, more than fifty percent of the USDA Forest Service budget is
currently used to fight fire. If markets were increased for small diameter and disease and
insect killed trees, there would be a greater incentive for the removal of these trees, which
would minimize fire fodder. Reducing fodder would greatly reduce the severity of forest
fires (Ritter 2015). Mitigation of the fire related burden placed on the USDA Forest
Service’s resources would enable the agency to pursue more research projects and result
in job creation and increased innovation in the sector (Dramm 2015, Ritter 2015). These
considerations further support the idea of conservation through use.
Despite the benefits to be gained from an increase in wood use, research by Wang
et al. (2014) found that many end users were ignorant of wood's performance. Many
4

believed misinformation, and, as a result, were prejudiced against wood's use. In general,
it has been found that there is a need to educate all sectors involved in the building and
construction industry (architects, engineers, contractors, and consumers) about the
attributes of forest products and the environmental benefits from their use (Werner and
Richter 2007, Robichaud et al. 2009, Knowles et al. 2011, Mallo and Espinoza 2014).
Energy use in the building sector
The built environment has a huge impact on the environment. The U.S. Energy
Information Administration (2015) states that the built environment is responsible for
forty-one percent of the total energy expended in the United States. On a global scale,
according to the United Nations Environmental Programme (UNEP 2016), buildings
consume forty percent of the world’s resources, including twenty-five percent of its water
and forty percent of its energy, and are responsible for more than one third of total
greenhouse gas (GHG) emissions. Thus, buildings are the largest single contributors of
GHG (Harbert et al. 2012, UNEP 2016). However, UNEP also designates the building
and construction industry as the sector with the greatest potential to affordably offset
GHG emissions, claiming that by using already available means, the sector can reduce its
impact by as much as eighty percent. Increasing the use of wood in the built environment
may be a very effective way of achieving such a major reduction.
The construction industry is one of the largest consumers of energy and emitters
of CO2 (Ortiz et al. 2009, Herbert et al. 2012, UNEP 2016). Concrete is the most-used
building material in the world (Ingaro et al. 2014). Conversely, as has been previously
noted, wood is the most environmentally sound construction material. It follows that the
best way to reduce the environmental impact of the construction industry may be to
5

substitute the use of wood where possible. In particular, this includes applications that
traditionally employ non-wood materials such as concrete (Ortiz et al. 2009).
The application of lifecycle analysis (LCA) to the building sector, which has
become increasingly prevalent over the past decade, supports the eco-superiority of
wood-based building products (Ortiz et al. 2009). In 2002, the Athena Sustainable
Materials Institute conducted an LCA study of the three most common construction
materials: wood, steel, and concrete. The study found that the environmental performance
of wood was superior to that of both steel and concrete (Trusty and Miel 2002). Oliver et
al. (2014) found that the manufacture of steel, concrete, and masonry account for over
sixteen percent of global fossil fuel expenditure. When transportation and assembly of
these materials is included in the assessment, the tally rises to between twenty and thirty
percent. Lippke et al. (2014) ran an LCA and achieved a seventeen percent energy
savings by using wood- over steel-frame construction. Gustavsson et al. (2006) and Ortiz
et al. (2009) established that the use of concrete accounts for ninety-nine percent of the
energy consumed in home construction. Carbon sequestered in wood products is one of
the reasons for its superior LCA performance. Sathre and O’Connor (2010) found that
each ton of carbon sequestered in a wood product used in place of a non-wood material
averts 2.1 tons of GHG’s from being released into the environment. Dovetail Partners
(2013) caution that it is important to differentiate between actual carbon that is stored
versus the amount of averted CO2 that this number correlates to. They provided a formula
to calculate carbon storage per cubic meter in the softwood species most commonly used
by the construction industry. For example, there are 193kg of actual carbon stored in one
cubic meter of spruce lumber, which equates to 708kg of CO2. The general ratio equates
6

the CO2 amount to roughly 3.66 times the amount of the actual carbon stored in the wood
products. The amount of carbon storage fluctuates based on wood density and thus
species type. Once that distinction is understood, the calculation of CO2 and GHG
avoidances become clearer. Moreover, wood is less conductive than steel or concrete,
which imparts an insulating capacity of as much as four-hundred percent and ten percent,
higher respectively (Evans 2013, Wang et al. 2014).
Concern for the ecological impact of the built environment has also led to the
development of the green building (GB) and sustainable development movements. Over
the past decade, GB has become increasingly implemented and recognized as having
substantial benefits (Falk 2010). In 1987, the United Nations World Commission on
Environment and Development defined sustainable development as, “development that
meets the needs of the present without compromising the ability of future generations to
meet their own needs.” Similarly, the goal of GB is to reduce the ecological impact of
the built environment by applying the principles of sustainable development to the
complete construction life cycle (Wang et al. 2014). Wood, is the only widely available,
renewable building material, and therefore is the material most in line with GB and
sustainable development goals.
There are four principles of GB: service-life energy reduction; minimization of
environmental harm and external pollution; limitation of resource depletion and
embodied energy; and minimization of health hazards and interior pollution. Wood was
found to be the only material capable of satisfying all four principles (Wang et al. 2014).
Another definition offered by Sinha et al. (2013) categorizes sustainable construction
practices as those that “are based on ecological principles, that have no environmental
7

impacts, have a closed material loop, and have full integration into the landscape after the
service life of the structure is over.” Those parameters are most likely aspirational, as
they are stringent and difficult to attain. Yet wood, as characterized by the
aforementioned information, appears to be the material most capable of fitting within
those parameters.
Historical precedence
Building tall with wood is not a new phenomenon. Human civilization has in fact
been building tall wood structures for a very long time. Furthermore, it was not until the
early part of the twentieth century that the practice was put on pause. The Horyuji Pagoda
outside of Nada, Japan, completed c. 700 AD, is arguably the oldest wooden structure
still in use today. It stands five stories tall and is constructed using only notches and
wood-to-wood joints. It has survived for close to 1400 years in the moist, earthquakeprone Japanese climate. Also still in use is the Yingxian Pagoda in the Shangxi Province
of China, constructed in 1056 AD. It stands nine-stories tall. Thus, the oldest surviving
wood buildings are also tall wood buildings (horyuji.or.jp 2016, Bowyer et al. 2016).
Norwegian stave churches are another example of tall wooden buildings that have
withstood the passage of time. These buildings were also constructed using wood-towood joints, without the use of nails. Hopperstad and Heddal are just two examples.
Hopperstad was built c. 1140 and stands twenty-two meters, while Heddal was
constructed a century later and stands twenty-six meters (stavechurches.com 2016,
heddalstavkyrkje.com 2016). Another example is the Kizhi Pogost church in Karelia,
Russia. Though, at 154 years old, the church is much newer than the stave churches, it is
nonetheless impressive. The Kizhi Pogost is also constructed without nails. It is entirely
8

made from wood, including the roof tiles. There are twenty-two cupolas on the church,
the tallest of which is thirty-seven meters (unesco.org 2016).
There are more recent tall wood buildings still in use today, many of which are in
North America. The Butler building in Minneapolis is one example. It was built in 1906
and has a load-bearing structure of heavy timber, with a brick façade. It is eight stories
tall and encompasses roughly 46,500 m2. The Summer Street building in Boston is
another example. It is also eight stories and built in 1906, though at under12,000 m2, it is
smaller than the Butler building. An example from Canada is the Landing building in
Vancouver. It was built in 1905 and stands nine stories tall (Mohammad 2015, Bowyer et
al. 2016).
There are also tall wood structures that, while not inhabitable, are still in use and
can be offered as further illustrations of the longevity of the material. One such example
is the Gliwice Transmission tower in Gliwice, Poland. It was built in 1935 and at 110
meters tall is considered to be the tallest wooden structure in the world
(modestoradiomuseum.org). Another example is blimp hangars constructed in the U.S.
during World War II. A total of eight were built, seven of which are still standing. At
over three-hundred meters long, over seventy meters wide, and close to fifty-six meters
tall, they can be considered the largest wooden structures in the U.S. It took just twentyseven days to build them (Rammer 2015).
Though they only represent a small portion of existing tall wood structures, these
examples depict a clear picture of the lasting power of wood buildings. Furthermore,
these buildings prove that the current move towards tall wood represents a rediscovery as
opposed to the development of an entirely new application. This renewal has been
9

spurred and facilitated by the invention of cross-laminated timber (CLT) and the
possibilities that this type of mass timber present to the building and construction
industries. Contemporary use of CLT and associated mass timber products and systems
as they are utilized in the construction of tall wood buildings are the central focus of this
paper.

10

OPPORTUNITIES AND BARRIERS
Mass(ive) timber
Massive or simply “mass” timber can be broadly defined as layers of wood that
have been joined together to create large lumber members that are both stronger and more
behaviorally predictable than sawn lumber (rethink Wood 2014). There are four major
products that can be classified as mass timber: laminated veneer lumber (LVL),
laminated strand lumber (LSL), glue-laminated timber (glulam) and cross-laminated
timber (CLT). Some of them, such as glulam, have been in use for over a century. Others,
like CLT, are relatively new to the market. A description of each type of mass timber is
given below. However, the recent invention of CLT has had the most impact regarding
the interest in the ability to build tall structures with wood, and will be the primary focus
of this section.
LVL consists of thin veneers adhered together with the grain paralleling the
length of the member; it offers predictable performance without splitting or warping. LSL
is essentially the same as LVL but it is made with chips and strands as opposed to veneer,
which slightly reduces its performance properties. Glulam consists of dimensional lumber
glued together and layered end-to-end to create beams and columns of any desired size.
Pound for pound, glulam beams are stronger than steel, yet requires three times less
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energy and between six and twelve times less fossil fuel to manufacture (Petersen and
Solberg 2002, rethink Wood 2014).
CLT was first patented in France in the 1980’s. However, it wasn’t until the 90’s,
in an effort to utilize waste wood, that true development began in Austria and Germany
(Stauder 2013, Mayo 2015). CLT consists of orthogonally stacked dimensional lumber
laminated together to form large panels. There are usually an odd number of layers with
the most common make-up being between three and seven, though, for certain
applications, more layers may be used. CLT panels are commonly between three-quarters
of a meter and three-and-a-half meters wide and, via longitudinal finger jointing, up to 18
meters long. They have the potential to be up to fifty-one centimeters thick (CLT
Handbook 2013). Cross lamination, as in plywood, greatly reduces shrinkage and
swelling capacity, while the bi-directionality of the panels increases dimensional stability
and the uniformity of in-plane and out-of-plane strength and stiffness. These
characteristics imbue a performance akin to reinforced concrete slab construction (Skog
and Bergman 2011, Mohammad et al. 2012, CLT Handbook 2013).
In CLT manufacture, the outer layers of lumber run parallel to gravitational loads
and maximum spans in order to fully utilize strength characteristics (CLT Handbook
2013). After the panels have been constructed, the manufacturer can precision cut
window and door openings, as well as route channels for utilities, with a computer
numerically controlled (CNC) machine to exact dimensions (CLT Handbook 2013, Evans
2013, Stauder 2013). It is also possible to install siding, insulation, windows, and doors at
the manufacturer. The popularity of CLT in Europe markedly increased at the onset of
the 21st century largely as a result of the GB movement (Mohammad et al. 2012).
12

Figure 2.1

Example of CLT panel lay-up

Image source: http://smartlam.com/about-clt/process/
With regard to the environmental impact of CLT, engineered wood products have
a higher embodied energy than sawn lumber. However, they still rank well below their
non-wood counterparts (Falk 2010). Evans (2013) found that CLT consistently
outperformed concrete in LCA comparisons. Mallo and Espinoza (2014) found that,
before taking sequestration into account, CLT has half the amount of carbon that concrete
and steel have and that when sequestration is included CLT buildings have been shown to
be carbon-negative. CLT is light weight and its creation of line loads as opposed to point
loads mean that it may require a lighter foundation, which further reduces the use of
concrete. CLT also does not require the use of as much heavy equipment on site. These
factors can lessen both the environmental and economic impacts of buildings. The
prefabrication of panels reduces on site job time during construction because precut
utility channels and openings facilitate the work of electricians and plumbers. Also CNC
joints form airtight seals enabling interior finishers to begin their work earlier (Dickenson
13

and Parker 2015 and Mayo 2015). Speedier construction reduces environmental and
economic impact, in that it requires less overall use of equipment and travel to and from
the site (Evans 2013, Dickenson and Parker 2015, Morrow 2015).

Figure 2.2

CLT wall assemblies with precut window and door openings

Image source: http://www.klhuk.com/portfolio/commercial/william-smith-building,bgs.aspx
The use of CLT offers a two-fold reduction in waste: first in manufacturing and
second at the job site, as a result of the degree of prefabrication inherent in the material
(Evans 2013). Prefabrication means that on-site installation is fast, quiet and safe
(Crespell and Gagnon 2010). The use of CNC machines in the prefabrication process
means that joints and seals are tighter than may be possible in traditional construction.
Tighter seals result in a final building that is both more air tight and better thermally
14

insulated, thus requiring less energy and emitting less CO2 over the course of its service
life (Gustavsson et al. 2006, Ortiz 2009, Crespell and Gagnon 2010).
Though CLT is primarily made from graded lumber, the strength imparted by the
nature of its manufacturing enables the use of wood that might otherwise go to waste.
This broadens its appeal because it reduces mill waste and creates additional revenue.
Increasing the demand for CLT in the U.S. could create a much-needed market for small
diameter trees as well as insect and disease damaged trees. The development of such a
market would serve forest conservation measures by reducing fire fodder and thus the
severity of the wild fires that currently strain the USDA Forest Service budget. A market
for waste wood and less desirable trees could create many jobs and foster manufacturing
innovation, thereby boosting the economy (Ritter 2011 and 2015, Evans 2013, Dramm
2015). In short, growing a U.S. market for CLT will benefit a triple bottom line: people,
the environment, and the economy.
In addition to the above concerns, the use of formaldehyde-free resins by most
North American CLT manufacturers poise CLT to be a LEED compliant material
(Mohammad et al. 2012, Evans 2013, Mallo and Espinoza 2014).
In sum, in addition to its environmental benefits, the choice to use CLT in a
project also offers many other advantages over its non-wood counterparts. CLT
construction is lighter, safer, and requires less manpower than steel and concrete (Ward
2009, Crespell and Gagnon 2010, Evans 2013, Morrow 2015, reThink wood 2014,
Dickenson 2015, Mayo 2015). CLT has relatively uniform in- and out-of-plane strength
and a structural performance on par with non-wood alternatives, along, with construction
times that may be thirty to sixty percent faster (Crespell and Gagnon 2010, Evans 2013,
15

Dickenson and Parker 2015). It can span great distances, provide lateral load support, and
be implemented as any part of a building, be it floor, ceiling, wall or elevator shaft, or
easily combined with a variety of other materials (Evans 2013). Research found that if
the time savings were taken into account, CLT projects could be cost competitive to
traditional construction materials (Evans 2013, Pei et al. 2014, Morrow 2015).
CLT in use
CLT is ideally situated for use in the construction of tall buildings. Morrow
(2015), in discussing the first CLT hotel in the U.S., found the use of CLT allowed for a
fourteen percent increase in square footage while reducing construction time by thirtyseven percent. The maximum number of workers was eleven, forty-three percent fewer
than with traditional construction materials. The reduction in time and laborers equated to
a forty-four percent reduction in total man-hours during construction.
The reconstruction of the town of L’Aquila in Italy also illustrates the benefits of
CLT. The town was greatly damaged by an earthquake, and, due to its seismic
performance and ease of use, CLT played a large role in reconstruction. Phase two of the
rebuilding consisted of seven three-story buildings with a total construction time of only
eighty days.
The offsite prefabrication and precision inherent to CLT construction were among
the primary reasons for its selection by LendLease as the material for Forté, a ten-story
residential building in Melbourne, Australia. CLT's light weight was especially
important, as the site had poor quality soils that could not withstand the foundation size
required by traditional concrete and steel construction. Further adding to CLTs benefit to
the project was the fact that just five workers erected the ten-story structure in just ten
16

weeks, thirty percent faster than would have been possible with concrete. The speed of
construction meant that the project was cost neutral compared to conventional materials.
The 1000 m3 of CLT sequestered 1,666 tons of CO2. Based on the calculations of Sathre
and O’Connor (2010) and Dovetail Partners (2013), depending on the species of wood,
there are between 213 and 265 tons of actual carbon stored in the CLT. This equates to
averting the release of as much as 555 tons of GHGs. The reduction in the use of concrete
further prevented the release of 1,450 metric tons of CO2. Forté is the first residential
building in Australia to be granted a ‘5 Star Green Star As Built’ rating (Evans 2013,
Morrow 2015).
The use of CLT in the construction of the Dartington Primary School in Devon,
England, resulted in an eighty percent reduction in the use of concrete. The 2,060 m2
timber structure sequestered 229 tons of carbon, the equivalent of averting 480.9 tons of
GHGs. If the wood were to be pelletized at the end of the building’s service life, it could
heat 130 homes for a year (Dickenson and Parker 2015).
The Open Academy in Norwich, England, was constructed using 3,095 m3 of
timber, which sequestered 2,800 tons of CO2 or 765 tons of actual carbon. This equates to
averting over 1,606 tons of GHGs. The manufacture of the CLT was responsible for 735
tons of CO2, roughly half of what would have been emitted had the project been built of
steel or concrete. These factors resulted in the building having a negative carbon footprint
as well as being carbon neutral for the first seven years of its operation. Further ecobenefits were gained by a construction time that was reduced by fifty-six percent, which
garnered monetary savings as well (Dickenson and Parker 2015).
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The Murray Grove apartments in London, UK, offer yet another example of the
many benefits to be gained by building with CLT. Waugh Thistleton, the architecture
firm behind the project, was drawn to CLT for its sequestration capabilities, a
characteristic that also appealed to the local building authorities as it placed the project
within recent restrictions regarding environmental impact in the U.K.’s building
regulations. The developers were drawn to the fast and easy construction offered by the
material (Ward 2009). The nine-story building is constructed entirely of CLT and
sequesters 185,000 kg of carbon. The sequestered carbon prevented the release of over
428 tons of GHGs. Had it been built using steel and concrete, 125,000 kg of CO2 would
have been emitted. The use of CLT can be seen as offering a 300,000 kg net reduction in
CO2. Four workers were able to complete a floor every three days, while the total
construction lasted forty-nine weeks, a time that is estimated to be twenty-three weeks
faster than traditional construction (Mayo 2015 and Ward 2009). During the design
phase, the firm created two options, one traditional and one wood-centric. The wood
design came in at fifteen percent less than the design using traditional materials. The
savings were primarily due to the speed of construction (Ward 2009).
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Figure 2.3

CLT assemblies in Murray Grove

Image: http://www.klhuk.com/portfolio/commercial/william-smith-building,-bgs.aspx
(2016)
There is some speculation as to whether or not the public is willing to live in tall
CLT and mass timber apartment buildings. All of the units in the Murray Grove
apartment building sold out after ninety-minutes on the market (Mayo 2015). This
suggests that there is demand for these types of buildings.
Another example from Waugh Thistleton is the Whitmore Road Building in
London, England. It is a seven-story multi-use building. The entire building is
constructed from CLT. The fact that the interior walls also serve as the load bearing
system enabled the team to create an atrium that is over nine meters high and spans over
twenty-three meters. The nature of CLT panels also enabled the team to cantilever the
building one and a half meters over the canal that runs beside it. It was completed in five
weeks by a team of four workers (Mayo 2015, Waugh Thistleton).
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It was the lightweight of CLT systems that was responsible for its selection as the
material for the Bridgeport House in London, UK. The building site was situated over an
old sewer line, which governed the project's scale. The Bridgeport House is twice the
height of the concrete building that it replaced, yet only ten percent heavier (Evans 2013,
reThink wood 2014). The ease of use of CLT in urban infill situations, demonstrated by
the project, highlights yet another key attribute of the material. The high degree of
prefabrication facilitates construction in tight spaces. It also imparts speed and less
intensive construction, which in turn result in a cleaner construction site with less traffic.
These attributes all equate to less neighborhood disruption (Lehmann 2012, Barber
2015). Additionally, urban infill, brownfield development, and city densification are all
better for the environment than outward expansion and are rewarded in LEED (USGBC
2016).
While there are many advantages to using CLT, there are also a few
disadvantages that must be taken into account. The most prominent is that special
attention must be paid to keeping the panels dry during construction. The primary way
this is achieved is by exact timing of material delivery so that it is not sitting at the site,
and by tenting or otherwise protecting structures during construction (Mohammad et al.
2012).
There are additional barriers to building tall CLT and mass timber buildings in the
U.S. Most of these seem to be grounded in human perception rather than factual data
(Litai and Rasmussen 1983, Trusty and Horst 2002, Sinha et al. 2013, Kim 2104).
One such barrier is the preferential treatment of steel and concrete, the
conventional tall building materials. There is no empirical basis for this preferential
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treatment, however it is so ingrained that despite wood's proven eco-superiority, even the
leading GB rating system does not fairly weight wood-based materials. While the bias is
evident throughout the rating system, it is most clearly represented by the inaccurate
equal eco-weighting given to wood, concrete, and steel as structural materials and by the
lack of importance placed on building material LCA data (Trusty and Horst 2002, Hansen
et al. 2003, Bowyer 2007, Bowyer 2008, Ximenes and Cowie 2008, Ritter et al. 2011,
Sinha et al. 2013, Horwitz-Bennett 2014). The forthcoming section will discuss these
issues in greater detail.
Green building rating systems
A wide variety of GB rating systems are used worldwide. Because this paper
focuses on the U.S. building and construction industry, this research focuses on the most
recognized and used rating system within this market, the United States’ Green Building
Council’s (USGBC) Leadership in Energy and Environmental Design (LEED) (Bowyer
2008, Knowles et al. 2011, USGBC). Despite clear evidence that “wood, [is] the most
important renewable material, in all aspects of human existence...” its integration and
acceptance within LEED is lacking (Sinha et al. 2013). In some respects, there appear to
be prejudices against any further inclusion. There is a large and legitimate outcry from
the forest products industry over the under-inclusion of wood products in the LEED
system. The industry outcry is further fueled by the fact that, despite the many forest
certification systems available, only wood certified by the Forest Stewardship Council
(FSC) is rewarded in LEED (Hansen et al. 2003, Bowyer 2007, Ritter et al. 2011, Sinha
et al. 2013, Horwitz-Bennett 2014, USGBC 2016). Ultimately this situation could work
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against LEED as other, alternative GB rating systems may be better suited to North
America.
The goal of GB rating systems is to reduce the environmental impact of a
building(s) (Knowles et al. 2011, Wang et al. 2014, USGBC). LCA must be included in
the evaluation matrices if the said goal is to be met and any sizable gains in sustainability
are achieved. Consequently, the largest shortcoming of LEED is its failure to fully
integrate LCA into its point system (Ximenes and Cowie 2008, Ritter et al. 2011). The
exclusion of LCA is an indication of a lack of scientific research supporting many key
categories of LEED (Trusty and Horst 2002, Sinha et al. 2013, Bowyer 2008). This can
be evidenced by the fact that despite the extensive documentation supporting the superior
ecological performance of wood products LEED still weights all structural materials the
same (Sinha et al. 2013). The disproportionate focus placed on recycled content, as there
are certain cases when recycling uses more energy and emits more pollutants than the
creation of “virgin material,” further underscores a lack of scientific rigor (Trusty and
Horst 2002). Despite heavily contested science regarding such materials, LEED heavily
preferences bio-based products such as bamboo for being “rapidly renewable” by a
growth cycle of ten years or less (Trusty and Horst 2002, Bowyer 2008, Sinha et al.
2013,). There is no scientific evidence that a ten-year growth cycle is environmentally
superior to one of twelve- to twenty-years, particularly given the added inputs required
for short rotation crops (Trusty and Horst 2002). The system-wide focus on sustainable
finishes over structures, combined with the aforementioned dearth of methodological
evidence, make it apparent that points are awarded based on presumptions instead of
scientific reason (Trusty and Horst 2002, Sinha et al. 2013, Kim 2104).
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In the latest version of LEED, v4, the use of wood products can garner a project
up to twelve points, an increase from the four possible points awarded in previous
versions (Horwitz-Bennett 2014). The increased points result from the inclusion of
environmental product declarations (EPD), health product declarations (HPD), and LCA
into the system. Additionally, due to a carbon footprint that is seventy-five percent
smaller than that of steel and concrete, the USGBC website now posts articles praising
wood as “an especially attractive option for sustainable building” (Martinez 2015).
This information clearly demonstrates that the USGBC is warming towards the use of
wood. However, wood is still the only material required to undergo certification and,
despite the presence of many forest certification systems, FSC is still the only one
accepted by LEED (Horwitz-Bennett 2014, Lovett 2015, USGBC 2016).
In spite of the improvements in v4, the damaging impact on the industry of
LEED’s prejudices towards wood are still evident. There is a continual growth of 1.85
million square feet of LEED certified projects a day, yet most commercial construction
projects contain only ten percent wood (Horwitz-Bennett 2014, USGBC 2016).
Additionally, only one of the ten projects that received a green building award from the
American Institute of Architecture (AIA) in 2014 used wood as its primary material. All
of the projects were LEED certified.
The singling out of wood-based products can be seen as being slightly
advantageous. Though wood may need to be certified to gain points, it is the only
structural material, with the exception of a local materials credit, that can add points to a
project. The increasing influence of EPDs, HPDs, and LCA in LEED can also be seen as
an advantage. Since wood has been the only material to require eco-certification, it gave
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the industry the ability to be first out of the gate with regard to obtaining and
documenting the ecological performance of its products. (Bowyer 2008 and Sinha et al.
2013). It is also important to note that the use of non-certified wood does not limit a
project's points, it merely does not add to them.
LEEDs prejudices toward wood are a significant obstacle. However, the primary
barrier to building tall with CLT, or any other type of mass timber, in the U.S. is
restrictions within building codes. The difficulty stems from the prescriptive nature of
building codes in this country. The following section will offer a more in-depth
discussion of U.S. codes as they relate to building tall with wood and the use of CLT.
Codes and compliance
The largest barrier to widespread tall wooden buildings in the U.S. is building
codes (Mayo 2015). The current height limit for wooden buildings is six-stories. This
limit was designed for light-frame wooden construction commonly used throughout the
country and does not take into account the performance and capability of mass timber
systems such as CLT. Prescriptive codes are not necessarily based on material
performance, but instead place limitations based on material and building type. Because
CLT is wood-based, it is considered a combustible material and as such is restricted to
six-stories or less. This designation does not account for the actual, proven performance
of CLT in tall buildings (reThink Wood 2014, Mayo 2015, IBC 2015). More specifically,
because mass timber construction is viewed as an innovative system, building codes that
designate material by type of construction are the largest obstacles. Codes must be
revised to allow the use of CLT and mass timber to be used to create tall buildings based
on the engineering and scientifically demonstrated capabilities of these materials. The
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adoption of these systems into the prescriptive codes is essential for the wider
implementation of tall CLT and mass timber buildings (Mohammad et al. 2012, Barber
2015, Mayo 2015).
There are two main types of building codes: prescriptive and performance-based.
The International Building Code (IBC), is the system most used in the U.S. and while it is
primarily prescriptive, it does offer a performance-based path under the alternative
solutions section (Mayo 2015). Tall CLT buildings will likely need to gain compliance
under the alternative solutions path of the code. However, until an accepted standard is in
place, this will require each potential project to conduct extra safety and material
performance tests that are both time consuming and likely prohibitively expensive
(Mohammad et al. 2012, Pei 2015). Due to the delicate nature of the process, it is
essential for a project's success to involve the local code officers and other relevant
regulatory bodies as soon as possible (rethink Wood 2014).
The past few years have seen a lot of activity in the U.S. and Canada to develop
and set standards for CLT, both to get it into the codes as a material and to change the
limiting aspects with regard to building height (Mohammad et al. 2012). A large part of
that effort was undertaken by FP Innovations and culminated in “The CLT Handbook”
first published in Canada and followed by a U.S.-centric version. Pei et al. (2012)
developed basic performance standards for tall CLT buildings. The American Wood
Council (AWC) has also been very active in this area and was instrumental in getting
mass timber admitted to chapter 16 of the National Design Specification (NDS), which is
used as a reference for the IBC (Pei et al. 2012.).
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A major breakthrough was reached with the publishing of the “Standard for
Performance-Rated Cross Laminated Timber” known as ANSI/APA PRG 320 – 2012.
The standard illustrates the basic acceptable qualities for CLT panels, from lumber grades
and layer formation to total panel thickness and strength requirements (APA 2012, CLT
Handbook 2013). The standard and thus CLT was adopted into the 2015 edition of the
IBC. In the 2015 IBC, CLT is included under type IV (heavy timber) construction. Heavy
timber is also an allowable material for certain uses in types I and II (IBC 2015).
It is important to note that while it is not yet within the code to use CLT as the
structural system in buildings over six-stories, it is still possible to implement heavy
timebr in certain applications such as flooring and in roofing systems in all types of
buildings, including those that are classified as needing to be made from “noncombustible” materials (CLT Handbook 2013, Evans 2013, Johnson 2015, IBC 2015).
Such types of applications would serve a dual purpose. The foremost being the increased
use of wood in the commercial construction market, which has many benefits that have
already been discussed. The second being an increased familiarity with CLT by industry
professionals, such as contractors, engineers and, more influentially, code officials. This
development is particularly interesting when viewed with the knowledge that floors
represent the largest percentage of a tall building's make-up, often comprising as much as
seventy percent of the material (Jonson 2015). Thus, there is a lot of potential for
increasing the use of wood. As stated in the previous section, until tall wood buildings are
within the code, it is absolutely essential to involve code officials as early as possible in
order to streamline and facilitate gaining approval.
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In the move from prescriptive to performance-based codes it is important to
account for and include the human perception of risk. Since performance-based codes
must be based on quantitative information, an approximate risk conversion factor (RCF)
was developed by Litai and Rasmussen (1983). RCFs were used in the development of
the Performance Requirements for Fire Safety by the Nordic Committee on Building
Regulations as well as The Australia Fire Engineering Guidelines (Wolski et al. 2000).
Until new U.S. codes have been adapted to allow for tall wood buildings, it is
possible to reference foreign codes in order to facilitate the acceptance of projects under
the alternative solutions section (Malcyzk 2015). The two standards mentioned above are
examples of referenceable options. The Eurocode may also be referenced as it is largely
performance-based and there are already a large number of tall timber buildings in
several European countries. In addition, Quebec, Canada, has provisionally accepted
wood buildings up to twelve-stories (Malcyzk 2015, Mohammad 2015).
The great fire of Chicago, Illinois, in 1871 is perhaps the most destructive fire
event experienced in U.S. history. As such, it is often referenced when discussing
increasing wood-based building in urban environments. There is no denying that the fire
wreaked catastrophic destruction on the city and its inhabitants and that every effort
should be made to prevent the reoccurrence of such destruction. However, it is equally
important to look at the deeper reasons that enabled the fire to escalate to such epic
proportions. That much of the city was built with wood is true, but this alone cannot be
blamed. The real roots were the lack of resources, shoddy construction, total lack of fireprevention measures, and the blatant neglect of the city by officials (PBS.org 2016).
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There was also a lack of building codes, a lack of fire codes, and a lack of sprinklers. All
of which are in force today.
By and large, the purpose of building codes is to protect building inhabitants.
Humanity has a long history of dealing with disasters, both manmade and natural. It is the
destruction and fear that are generated by disasters that cause us to strive for ever safer
habitats. While fire has long been a tool of humanity, it has also been an enemy.
Earthquakes, on the other hand, have only ever served as destructive agents.
Consequently, the main reasons for the height restriction of wooden buildings is their
perceived performance in fires and seismic events (Mohammad et al. 2012).
Fire-ratings
While the risk of fire should certainly not be underestimated, it is equally
important to fully understand it. Understanding performance and risk are essential to
maximizing both material behavior and code effectiveness (Barber 2015). As stated
previously, U.S. building codes and their restrictions are primarily prescriptive. This
relates to CLT in that, as a wood based material, it is rated based on its designation as
combustible instead of on its actual, proven performance in fire events (Wolski et al.
2000, Barber 2015). The impreciseness of prescriptive codes in the U.S. is coupled with
the misunderstanding and misrepresentation of fire risks (Barber 2015). These conditions
can be addressed by increased access to and distribution of accurate information.
However, human perception of risk is also a factor. The actual risk from fire and the most
severe damages and deaths from fires occur in single family residential homes. However,
as the perceived risk of a catastrophic event is greater for high-rise buildings, these
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structures are held to much more stringent parameters (Litai and Rasmussen 1983,
Wolski et al. 2000, Barber 2015).
Prescriptive U.S. codes deal with the perception of risk via ongoing, yearly
adjustments to standards. The adjustments are based on changes in public perception,
aesthetics, and the development of new technologies. The term that describes the process
is “bootstrapping” (Wolski et al. 2000). The rise in popularity of atria in buildings
illustrates “bootstrapping” as it applies to code evolution. Despite the perception of gaps
between floors as an increased fire risk, architects increasingly included atria in their
designs as an aesthetic element. As the new design style gained popularity, it became
clear that the building code needed to broaden to account for these changes in perception.
The code responded by requiring what were then innovative protection measures such as
sprinklers and smoke detectors (Wolski et al. 2000). The example demonstrates a number
of things about prescriptive code systems. The two main issues are the restrictive
regulation by arbitrary characteristics and the clunky and antiquated process of code
evolution. A performance-based code would have been able to smoothly integrate the
new aesthetic of atria with the concurrently developing protection technologies of
sprinklers and fire detection systems, while also assuring public understanding,
acceptance, and safety.
To aid conversations with fire and code officials, Barber (2015) draws attention to
the fact that there are decades of information on fire performance of heavy timber
structures that can be better utilized. Also, extensive testing of the fire performance of tall
CLT buildings, over the past decade, has shown the material and structural performance
to be more than capable of meeting code parameters (Mohammad et al. 2012, Barber
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2015, Dagenais 2015, Osborne and Dagenais 2015). The solid timber nature of CLT is
primarily responsible for it excellent fire performance. The difficulty of igniting the
dense nature of the material has been likened to attempting to start a fire by holding a
match to a large log, i.e. very difficult (focus group Mass Timber Conference, FPL 2015).
An added layer of fire protection is imparted by the lack of open spaces within the wall
and floor systems. This design characteristic of CLT panels discourages both ignition and
spread of fire (Crespell and Gagnon 2010). Barber (2015) points out that, as wood is
already an accepted material for interior finishes in tall buildings, the primary code issue
results from the fact that CLT can also function as the load-bearing structure, which is a
new horizon, and people tend to resist that which they do not know.
The main goals of fire codes are to ensure protection of occupant life, firefighter
safety, and the protection of property. Restrictions on the height and area of wood-based
buildings are said to protect the lives of firefighters. While it is assumed that it is possible
to enter a tall steel building and combat fire from the interior, it is also assumed that the
same actions would not be possible in a tall wood-based building (focus group Mass
Timber Conference, FPL 2015). However, Dagenais (2015) found CLT systems to
outperform steel. FP Innovations found that CLT met or exceeded the performance of
traditional, heavy, noncombustible assemblies (Stauder 2013). Additionally, unlike steel,
wood behaves predictably in fire and its mechanical properties are not highly affected by
heat (Stauder 2013, Mayo 2015). The above information reinforces the significance and
potential benefit of moving toward performance-based codes.
The primary organizations that develop the standards designating building
performance parameters are the NDS and the American Society for Testing and Materials
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(ASTM). The standards that directly relate to fire safety are ASTM E119, E84 and E814
which are based on timed fire-resistance ratings (Mohammad et al 2012, CLT Handbook
2013, Dagenais 2015). The following will offer a brief overview of the above standards
as well as CLT and tall wood performance results. For a more detailed explanation of the
codes and for design specification information, see the CLT Handbook, IBC, or the
individual standards.
ASTM E119 relates to a building's structural resistance and corresponds to section
703.2 of the IBC (CLT Handbook 2013). The ASTM standard is linked to a timetemperature curve, while NDS guidelines are relative to char rate and depth. Both
regulations require that the structure withstand a fire for a given length of time without
failure. The length of time, detailed in table 601 of the IBC, is different for different areas
within the building as well as for different buildings, with common parameters ranging
between 30 minutes and 3 hours (CLT Handbook 2013). Dagenais (2015), in full scale
tests in accordance with ASTM E119, found CLT easily meet the required time
parameters. Mayo (2015) found un-encapsulated panels to have a resistance rating of up
to two hours and that encapsulation in gypsum could extend the time by 30-60 minutes,
depending on the thickness of the gypsum. Additional tests have shown a three-hour
rating (Green 2012, Evans 2013, reThink Wood 2015). FP Innovations conducted tests
using two-hour rated gypsum encapsulated panels. These panels were also rated to two
hours. After the requisite time period, the fire was extinguished and the assemblies were
inspected. There was no charring to the panels. Thus, following the above protection
measures, a total fire rating of four hours may be achieved (Buchanon et al. 2014). In
addition, European tests have shown that with adequate timber protection complete fire
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extinguishment, without intervention, can be achieved with little or no damage to the
underlying timber structure (Buchanon et al. 2014).
ASTM E84 relates to interior surfaces and finishes and correlates to section 803.1
of the IBC, with the parameters for the standard being delineated by a flame spread index
(FSI) and a smoke development index (SDI) in relation to fire exposure time (CLT
Handbook 2013). That wood is already accepted as an interior finish in the current code
is a benefit, as it means there will be little resistance to CLT implementation in these
types of situations (Barber 2015). The adoption of CLT into IBC 2015 further facilitates
this type of application. In tests in accordance with the standard, Dagenais (2015) found
that CLT performed similarly to a thermally thick material.
ASTM E814, which correlates to section 712.3.1.1 of the IBC, regulates fire stops
and fire-resistant connections and joint systems and is governed by F- and T-ratings that
relate to the limit of fire spread and temperature rise, respectively (CLT Handbook). The
standard has a 1.5-hour time requirement, and, using preapproved connectors, Dagenais
(2015) found that CLT systems met the requirement with ease. In compartment tests also
in compliance with the standard, it was found that a complete fuel burnout could be
achieved with fully encapsulated CLT. In a full-scale mid-rise test, it was found that after
a 185-minute fire there had been no structure failure and no spread beyond the
compartment (Dagenais 2015). The above tests, among others, found CLT systems to
outperform traditional steel-frame construction. The higher performance results from the
fact that the protective gypsum layer fell off of the steel frame, while it remained attached
to the CLT. The falling off of the gypsum layer allowed the fire to spread beyond the
compartment (Mohammad et al. 2012, Dagenais 2015, Osborne and Dagenais 2015).
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A potential bias against wood can be found in the demands of regulating bodies
that codify building performance standards. Just as wood is the only material required to
undergo environmental certification, it also is the only material required to demonstrate
the ability to withstand a full burnout. Total burnout is the term used to describe a
situation in which the fire department fails to respond and there is a total failure of all
prevention measures, such as sprinklers. No other building material is required to
demonstrate the ability to withstand such complete, system-wide failure and the
likelihood of doing so is slim (Barber 2015, Buchanan et al 2015, Dagenais 2015,
Johnson 2015).
The primary method used to design CLT panels and building systems is the
reduced cross-section method. The method is recommended by the CLT Handbook and
numerous wood organizations such as the Canadian Wood Council. It is also the method
that has been used for the design of many tall wood buildings world-wide. The reduced
cross-section method works by establishing the rate of char and using it to predict the
residual, uncharred remaining wood member after it has been exposed to fire for a given
period of time. The average rate of char for mass timber is 40mm per hour. Another
portion of the member is subtracted to account for any heat related weakening that may
have occurred. Once the calculations have been determined, the data is used to determine
the dimensions needed to achieve the appropriate protection levels (CLT Handbook 2013,
Wood Works 2016).
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Figure 2.4

CLT panel char diagram

Image source: CLT Handbook
There has been some concern about delamination of CLT panels during exposure
to extreme heat. Tests have found that the type of adhesive correlates to the panel's fire
performance. The use of melamine urea formaldehyde (MUF) as an adhesive results in
the char layer remaining intact. However, the use of polyurethane resins (PUR), the type
of adhesive used by U.S. manufacturers and accepted by LEED, often results in the char
layer flaking off (Frangi et al. 2009, CLT Handbook 2013, Barber 2015). The flaking of
of the char layer is important to note because it exposes the unprotected wood beneath,
which can lead to a second flare-up of a fire in certain situations (Frangi et al. 2009, CLT
Handbook 2013). Frangi et al. (2009) found that adhesive type correlated to a fire
performance akin to solid timber in panels made with MUF while those made with PUR
behaved more similarly to initially covered wood members. It also serves to reinforce the
need for performance-based standards and may also stimulate further CLT adhesive
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research. It is of the utmost importance to fully understand material behavior, so that it
can be anticipated and properly designed around (Frangi et al. 2009, Barber 2015,
Buchanan et al. 2015).
CLT fire safety designs seek to achieve, via build out, encapsulation, and
sprinklers, resistance ratings similar to those of noncombustible materials (Buchanan et
al. 2014). It has been demonstrated that it is indeed possible for CLT systems to be more
than capable of satisfying ratings and, at times, exceeding performance of its
noncombustible counterparts (Mohammad et al. 2012). At this juncture, there is sufficient
research supporting the fire performance of CLT in encapsulated assemblies. However,
there is a strong desire by many architects and designers to leave a large portion of the
CLT exposed for aesthetic reasons. Thus, any new research should perhaps be conducted
to determine the performance of assemblies in which there is substantial exposure of CLT
panels (Barber 2015).
Fires may be the foremost concern in codes because they can occur in any region.
However, in certain regions, risks associated with seismic events are equally, and at times
more, severe. At times, the two events can coincide with each other, and both are capable
of total destruction. Thus, the seismic performance and protection of building systems is
of great importance and must be thoroughly understood.
Seismic Performance
Seismic design regulations and codes require that a building resist: minor events
without damage; moderate events with limited nonstructural and no structural damage;
major events with large-scale structural and nonstructural damage; and the largest
possible, site-specific event without collapse (Popovski et al. 2014). In the U.S., the
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primary governor for insuring adherence to the above requirements, via designs for
seismic performance of buildings, is the equivalent lateral force (ELF) procedure, which
is determined by system-specific design coefficients. R-factors are the chief coefficients
responsible for defining seismic loads and the requisite design, with the Ro factor relating
to overall building strength and the Rd factor relating to ductility. Despite numerous tests
regarding CLT seismic performance, there are still no specific code or design-defined Rfactor values. The Federal Emergency Management Agency (FEMA) is the organization
responsible for determining minimum load design requirements. FEMA P695, the
quantification of building seismic performance factors, is the applicable standard (CLT
Handbook 2013, Popovski et al. 2014, Breneman 2015, Malcyzk 2015, Van de Lindt et
al. 2015). It is expected that the American Society of Civil Engineers (ASCE) standard 710, a performance based evaluation, will also provide routes for specific CLT compliant
design specifications. Additionally, information regarding component equivalencies can
be garnered from FEMA P795 (CLT Handbook 2013).
The superior behavior of wood buildings in seismic events has been known for
decades. Wood’s ductility is relatively high which allows it to absorb shock and vibration
without fracturing. A demonstration of such performance traits can be evidenced by the
government of California assessment of damage to school buildings after a 1994
earthquake. It was found that the majority of wood-framed structures suffered only nonstructural damage and that structural damage found was minimal and easy to repair. As a
result, in 2002, when the state ordered an evaluation of older school buildings for their
ability to withstand seismic events, wood-framed school buildings were exempted from
the review (reThink Wood 2012).
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In addition to the the performance of wood-based materials, CLT has other
capacities which may impart robust seismic performance. Earthquake damage to a
building is directly related to the structure's weight. Therefore, CLT's light weight is
intrinsically beneficial (reThink Wood 2012 and 2014). The extremely high strength of
the individual panels, coupled with the platform style of CLT construction, mean that the
nonlinear responses to seismic activity tend to be localized to connections. This means
that there is often little or no damage to the panels themselves. Further stability is added
as a result of lateral load sharing of the wall panels (Mohammad et al. 2012, Popovski et
al. 2014). Thus, rigorous attention must be paid to both the specific hardware and overall
design of the connection systems in CLT construction (CLT Handbook 2013,
Mohammad et al. 2014, Popovski et al. 2014, Breneman 2015, Malcyzk 2015, Van de
Lindt et al. 2015).
There have been numerous tests supporting the favorable seismic performance of
tall wood CLT structures (Crespell and Gagnon 2010, Green 2012, Evans 2013, Pei et al.
2014, Blomgren et al. 2015, Mayo 2015, Pei 2015). The most impressive example is
perhaps the 2007 test of a full scale, seven-story CLT building carried out by the Italian
Government on the worlds largest shake table in Kobe, Japan. The structure was
subjected to fourteen consecutive, simulated, 7.2 magnitude events. The maximum interstory drift and lateral deformation was 1.5 inches and 11.3 inches respectively. There was
no lasting structural deformation and, while some joints failed, the building was largely
undamaged (Crespell and Gagnon 2010, Evans 2013, Mayo 2015). The panels
themselves were completely unharmed and were returned to Italy for use in another
project. This demonstrated performance of CLT in seismic situations led the Italian
37

Government to select it as the material of choice for the rebuilding of the town of
L’Aquila after its devastation by an earthquake (Mayo 2015).
Industry awareness and Material availability
After the code hurdles mentioned in the preceding three sections, one of the
largest barriers to the development of tall wood buildings in the U.S. appears to be a
general lack of awareness by industry professionals from all sectors and an absence of
knowledge about CLT and its role in facilitating tall wood. There also appears to be an
overall lack of cognizance of the information available regarding the environmental
attributes and benefits and the structural and behavioral performance of wood. As with
most problems regarding a dearth of knowledge, the solution is education and the
proliferation of relevant information (Werner and Richter 2007, Robichaud et al. 2009,
Knowles et al. 2011, Mallo and Espinoza 2014, Barber 2015, Malczyk 2015, Mayo
2015). The more understanding there is regarding the suitability of a material, the more
willingness there is to implement its use (Knowles et al. 2011). Thus, the more awareness
there is about the possibilities of building tall with wood, the more desire there will be to
do so and the more common it will become. However, until such a state has been
reached, having a “champion,” i.e. one who understands and is dedicated to the use of
wood, is integral to a project's success (Malcyzk 2015). CLT has great potential both to
raise awareness and to serve as the material of choice for tall wood buildings.
Part of the current lack of awareness of CLT in the U.S. is tied to the fact that
there is a shortage in material availability (Stauder 2013, Mallo and Espinoza 2014,
Malczyk 2015). There are currently only four CLT plants in the U.S.: Boise Cascade in
Idaho, Smartlam in Montana, DR Johnson in Oregon and Euclid in Utah. Euclid,
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however, is involved in the production of jointed, as opposed to adhered, CLT, which
puts the company in a slightly different category (Gines 2015). The relatively low
availability of CLT means that, for most projects, selecting it as a material would
potentially add the large cost of transporting the panels across a great distance. This fact
may discourage further investigation (Mallo and Espinoza 2014, Malczyk 2015). The
limited number of manufacturers translates to limits in material quantity and timeframe
availability. Such limits can have a negative effect on a project's decision to opt for CLT.
The outlook for CLT selection in U.S. projects is made bleaker if the only available
material is in Europe. The import and transportation costs increases associated with
European products often mean that an alternative material will be selected (Mallo and
Espinoza 2014, Malczyk 2015). One exception is that many European manufacturers
have a greater variety of performance ratings for their specific products, which can
reduce the need for additional testing. Fewer performance tests mean lower cost and
quicker project completion, which can result in neutralizing the increased cost of
importation (Malczyk 2015).
Of interest is the fact that there are no CLT plants in the southeast region of the
U.S., the part of the country which arguably holds the greatest percentage of the
country’s productive forest resources. Furthermore, the mechanical properties of southern
pine have been found by Hindman et al. (2015) to be well suited to the manufacture of
CLT. Information provided by FP Innovations and Stauder (2013) predicted that the
southeast region would be best suited, and have the highest capacity, to produce CLT.
Moreover, the east coast was estimated to represent the greatest potential market for
CLT, which would advantage plants in the southeast, as the transportation distance is far
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less than that of the western states. The above information suggests that further
development of CLT in the U.S., particularly in the southeast region, represents an
economic opportunity, and is perhaps essential to the development of tall wood buildings.
Innovation has been found to increase revenue and be a necessary factor for market
success (Hansen et al. 2011, Pei et al. 2014).
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CASE STUDIES
The following section will offer case studies of three completed, tall wood
buildings: The Tamedia building in Switzerland, the Wood Innovation and Design Centre
in British Columbia, and Treet in Norway. All of the projects utilize mass timber
elements in their load bearing systems and wood-based products as the primary structural
materials. Additionally, each of the projects had to work around code restrictions in order
to be realized. As it is the purpose of this paper to illustrate the benefits of and means by
which tall wood buildings can become a reality in the U.S., each case study will offer
information in support of this goal.
Background information for each of the projects will be offered and the decisions
surrounding the choice to build tall with wood will be discussed. The structural design
and execution of each building will be discussed at length. The paths that were followed
to bypass the respective code restrictions will also be discussed in detail. As the primary
reasons for the code restrictions are related to fire performance, this will be the principal
topic in the code related discussions. The use of wood conveys superior environmental
performance which is one of the primary drivers of the push for tall wood buildings. As
such, the final element of the case studies will focus on the specific eco-benefits garnered
by each project.
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The utilization of these case studies is to illustrate that there are many possibilities
regarding the actualization of tall wood structures. The hope is also to show that there are
as many paths as there are barriers with respect to code compliance. More directly, the
case studies will demonstrate that tall wood has become an international reality and offers
inspiration to make it a national reality as well.
Table 3.1

Case study comparisons
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Tamedia office building: Zurich, Switzerland

Figure 3.1

Exterior view of the Tamedia headquarters

Image: Holzbau Austria 6/2013 courtesy of Hermann Blumer (2016).
The Tamedia building is located in Zurich, Switzerland, on the banks of the Sihl
river. It is the headquarters for the Swiss media company Tamedia. The building replaced
the previous headquarter building that Tamedia had outgrown. The total project consists
of a completely new, seven-story timber and glass building that ties into a two-story
wooded addition built on top of an existing building. This case study will focus on the
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entirely new, seven-story structure. The building is home to over four-hundred-andeighty employees. It has many large, open areas that foster communication and
interaction between colleagues, as well as private offices and conference rooms. In
addition, there are atria spanning the entire height, and running along both lengths, of the
building. At each level, the spaces created by the atria serve as sites of social
congregation, furthering employee relationships and collaborations (Meyer 2015,
Tamedia.com 2016, shigarubanarchitects.com 2016).
The building was designed by world renowned, Japanese architect Shigaru-Ban.
Ban has gained renown for his innovative work with wood-based and recycled materials.
Some of his most acclaimed projects include the creation of emergency housing made of
paper for the victims of natural disasters and political refugees. Some of his most well
known works include the Japan Pavilion at the Hanover Expo in 2000 and the Centre
Pompidou-Metz in Metz, France. He also built a paper concert hall in L’Aquila, Italy,
after the town had been destroyed by an earthquake, as previously mentioned in this
thesis (shigarubanarchitects.com). Ban is drawn to working with wood-based products
because of the lower production of waste associated with them and because of the ease
with which they may be dismantled and repurposed (Strehle 2013).
Though it does not use CLT, the new Tamedia building is one of the most
innovative and unique contemporary, tall wooden buildings in the world. The reason for
this is that there is no metal used in the load-bearing structural system. The entire system
is constructed utilizing wood-to-wood connection techniques. The technique is based on
ancient wooden building methods, particularly those found in Japan, that have been
augmented to accommodate modern materials and styles. The traditional Japanese of
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carpentry techniques that inspired Ban do not require the use of glue, nails or screws.
Likewise, these technologies are not employed in the Tamedia building. The building
references the ways that humans have used wood to create their environments for
centuries. The new Tamedia building is currently the tallest timber building in
Switzerland (Trinkert 2013, Meyer 2015).

Figure 3.2

Construction of the all wood frame

Image: Mikado-online.de courtesy Hermann Blumer (2016)
Ban met with Swiss wood engineer Hermann Blumer, of Blumer-Lehman AG, in
the airport on a layover, to discuss the potential of creating the Tamedia project. The
building ended up very closely resembling the sketch that he developed in that short
meeting. Blumer and Ban had collaborated on a number of projects already and thus had
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strong confidence in their collaboration on the project. The architecture firm
Itten+Brechbühl AG of Zurich served as the local officiary of the project and developed
the master plan. The Tamedia board members were introduced to the idea of using wood
for the project by the architectural team and were immediately drawn to it. The primary
reasons for the attraction were the inherent eco-benefits as well as sheer scope of the
innovative design and the publicity it would attract (Shuler 2012, Pfäffinger 2013, Simon
2013).

Figure 3.3

View of the completed mezzanine and employ café

Image: Nikkei Architecture 8/25/2013 courtesy of Hermann Blumer (2016)
While the rigors of accomplishing such an astounding project certainly added to
the over all cost of the project, it was worth it to Tamedia for the publicity of such unique
innovation. The cost increase was only ten percent and was primarily due to the novelty
46

of the design as it meant that additional testing was required as there were no precedents.
However, as it turned out, the bulk of the added cost actually stemmed from engineering
difficulties involved in the two-story addition as opposed to the novel building style of
the new building. In order to increase strength and appearance, the timber used for the
project needed to have small growth rings. The environmental indicators that impart that
silvicultural characteristic only occur between 1000 – 1500 meters above sea level. The
restrictions placed on the timber resource by this requirement also contributed to the
increased cost of the project (Shuler 2012, Pfäffinger 2013, Simon 2013).
Structural design
The entire load bearing structure is comprised of glulam beams and columns,
made from 3600 Austrian spruce trees. The beams were made at the mill in Austria and
then shipped to Blumer-Lehman AG in Switzerland to be CNC machined to the precise
dimensions demanded by the project. The load bearing timber components are
constructed using simple interlocked and pinned connections and was done completely
without steel reinforcement. The prefabricated, precision milled timber elements were
assembled on site (Pfäffinger 2013, Thaler 2013, Trinkert 2013, Meyer 2015). The
glulam members are rated to GL24 and GL32. In total, the building is constructed with
1400 individual wooden components comprising roughly 2000 m3 of timber (Meier
2013). To put this in perspective, the average sawmill is capable of producing this
amount of timber every day.
The structure utilizes a plug design. This means that the construction involves inframe, back-to-front, mounting as opposed to the conventional, bottom-to-top, staged slab
method (Meier 2013, Thaler 2013). The glulam members were assembled into frames at
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the factory to facilitate speedy on-site assembly. Each frame was fitted with all the
connections required for the installation of the two glass façades as well as the brackets
needed for the installation of the floors. The frames were transported at night so as to be
on site in the morning. They were installed using a crane. After the frames were
connected, the prefabricated roof elements were installed and the appropriate connections
were prepared so they were ready for the next morning’s frame delivery (Pfäffinger
2013).

Figure 3.4

Installation of one of the prefabricated frames

Image: https://www.schweizerbauer.ch/artikel_1701.html (2016)
Each frame consists of four twenty-one-meter-tall columns joined with oval crosssection joints by twin seventeen-meter-long beams, and weighs twenty-six-and-a-half
tons. The oval joints also fasten the frames into the transoms (Jussle 2013, Pfäffinger
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2013, Simon 2013). The columns have a cross-section of 440x440mm, but widen at the
joints to accommodate the oval holes that form the basis for the joints. The beams have a
width of 240mm and also widen, by 25mm, in the middle. All told, there are ten frames
and eight axels. Governed by the length of the twin beams, the main, open center of the
building is eleven meters wide, with a three-meter atrium running along either side for a
total width of seventeen meters. The atria running along the sides of the building are
separated from the interior of the building by a layer of glazing. The exterior façade is
also glass and can be opened to allow outside air into the building. The total length of the
building is seventy meters (Pfäffinger 2013, Simon 2013, Trinkert 2013).

Figure 3.5

Details of the frame attachment joints

Image: Left: http://www.blumer-lehmann.ch/cms/img/pool/tamedia.jpg 17.07.2012
(2016)
Right: Bauen mit Holz 3/2013 courtesy Hermann Blumer (2016)
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There are three types of wood-to-wood joints in the building: oval, pinned axel
joints, oval cross section joints, and corner joints. Based on the structural load
calculations, it was determined that the wood-to-wood joints needed to be a higher
density than was afforded by the spruce. Thus, in order to ensure a rigid connection,
beech plywood elements were included in each of the joint assemblies (Meier 2013,
Pfäffinger 2013, Simon 2013, Trinkert 2013, Meyer 2015). The axel joints are interlaid
with large oval disks of beech plywood. Meier (2013) described the action of the disks as
being akin to the way that binder reinforcers strengthen paper holes in a three ring binder.
The cross-section joints are threaded with a beech core. The oval shape of these two
joints guarantees a rigid connection. The beech reinforced corner joints in the roof system
are designed to uniformly transmit force so that the overall load capacity as well as the
shear ductile strength are increased. After connection, all of the components were stress
tested and found to be robust (Simon 2013, Trinkert 2013). The load bearing system
consisted of a total of 2000m3 spruce glulam and 63m3 of beech wood components (von
Buren 2013).
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Figure 3.6

Detail of joint a joint assembly with Beech wood disc and core

Image: Makidao-online.de courtesy of Hermann Blumer (2016)
The ceiling components were also assembled at the factory. They are comprised
of hollow, wooden boxes. Each box was filled with insulation and sand in order to
increase mass and assist with acoustic properties. The sand also aids in fire resistance.
The building is further strengthened and stiffened by the inclusion of a 45 mm layer of
concrete on the floor assemblies. There are two concrete stairwells, one in the main
building and one in the older, amended building, that also add stiffness (Simon 2013).
Demolition of the old headquarter building was completed in March 2011. The
foundation was laid in August of the same year. Installation of the wooden elements
commenced in April 2012. The topping-out ceremony was held four months later in
August and the façade was closed in October of 2012. By April of 2013 the interior was
complete and Tamedia began to move in (tamedia.ch).
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Fire prevention and code compliance
The proposal for the new Tamedia building exceeded height restrictions in the
building code. However, projects are allowed to go beyond the code provided that
sufficient protection measures have been included. There is an alternative materials and
technologies section within the Swiss-specific section of the Eurocode that provides
guidelines for these measures. In addition, the team worked closely with a fire protection
supervisor and the property insurance underwriter to determine appropriate protection
systems. The fire safety plan was complicated by the expansive, open spaces and large
percentage of exposed wood demanded by the design. However, after evidence from fire
test performances were provided, authorities granted permission for the project. The
process was also aided by the fact that the architect was world renowned for his work
with wooden structures (Pfäffinger 2013, Trinkert 2013).
The plan that was developedby the design team, in collaboration with the fire
department, resulted in a robust fire safety system. The reduced cross-section method was
used to calculate the necessary dimensions of the glulams. Based on test findings, each of
the members was overbuilt by four centimeters in order to ensure that the required, 60
minute, burn rating was achieved (Pfäffinger 2013, Trinkert 2013, Goudal 2014). A
building-wide sprinkler and fire alert systems were also installed. The interior partitions
are built of non-combustible materials. The concrete and sand that was added to floor and
ceiling assemblies also aids in fire resistance. The entire façade is also non-combustible
as is the interior, glazed atrium partition. The interior glazing also aids in heat effect
management. In addition, the street-side longitudinal face of the building has fire
intervention openings throughout the façade. The fire safety measures implemented in the
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Tamedia building elicited the project engineer to assert that the building was safer than
any steel or concrete comparison (Pfäffinger 2013, Trinkert 2013).
The site is not at risk for seismic events, and as such, provisions were not needed
in the design. However, the addition of the concrete elements in the floors and ceilings as
well as those in the foundation and stairwells add stiffness to the structure. These aspects
in combination with the inherent seismic capacities of wood offer protection in the case
that such an event were to occur (Trinkert 2013).
Environmental benefits
The Tamedia building imparts many eco-benefits. In itself, the use of wood, as
has been discussed, carries numerous eco-benefits. In fact, the building owners and the
architect both assert that the use of wood represents sustainability and thus the future.
Ban was further drawn to wood because of the low waste associated with its use and
production as well as with its ability to be repurposed (Strehle 2013, Meyer 2015).
All of the wood used in the building comes from forests certified by the
Programme for the Endorsement of Forest Certification (PEFC) (Goudal 2014). The
building is thickly insulated and utilizes geothermal climate control. The double façade
also acts as a thermal buffer and provides natural ventilation. These characteristics impart
a thirty percent reduction in CO2 emissions and enable the building to meet its goal of
carbon neutral operation (von Buren 2013). It is the first carbon neutral skyscraper in
Switzerland (Meyer 2015).
In addition, the Tamedia team required that the building be compliant with the
standards of the 2000-watt society. The 2000-watt society was established by the city of
Zurich more than a decade ago as an aggressive plan to mitigate global warming. The
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basis for the plan is that every member of society should use no more than 2000 watts of
energy per year. At least seventy-five percent of that energy must come from renewable
sources. It is possible to maintain a very comfortable lifestyle at this level while also
staying within the bounds of the available world-wide energy resources. Adhering to the
guidelines of the plan would result in lowering the GHG’s released by each person to
only one tonne per person per year. In a 2008 referendum, Zurich voted to achieve these
goals by 2050. The referendum passed by a three-quarter majority, making Zurich the
first city to pledge such aggressive combative measures against climate change (City of
Zurich). Without the use of wood, the project would not have been able to attain this goal
(Simon 2013).

Figure 3.7

Tamedia atrium and facade details

Both features aid in passive climate control. The façade sections can open to allow access to fresh air.
Images: Baumeister Bericht 9/2013 courtesy of Hermann Blumer (2016).
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Further eco-benefits were attained from the carbon sequestered in the wood.
There are more than 2000m3 of wood in the new Tamedia building. Based on the
equations provided by Sathre and O’Conner (2010) and Dovetail Partners (2013), this
correlates to at least 426 tons of carbon sequestered in the wood. This translates to 1,560
tons of CO2 and the prevented release of over 894 tons of GHG’s.
The high degree of prefabrication also added to the tally, in that it enabled fast
construction on a very tight site in the center of Zurich (Shuler 2012). As has been
previously discussed speedy construction and urban infill reduces waste and the use of
energy. Additionally, the prefabrication means that the building can theoretically be
completely dismantled and reused in another project at the end of its service life
(Pfäffinger 2013).
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Treet: Bergen, Norway

Figure 3.8

Riverside view of the completed Treet building

Courtesy of BOB
At fourteen-stories, Treet, meaning “the tree” in Norwegian, is currently the
tallest timber building in the world. It is part of the “Borough of tomorrow” at
Damsgårdssundet in the city of Bergen on the west coast of Norway (Abrahamsen 2013,
Kleppe 2014). It was inspired by ECO-City, an EU project which establishes the
parameters for sustainable urban development. Treet was designed to demonstrate that it
is possible to build “modern city flats out of materials that meet tomorrow’s standards
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for sustainability.” The primary motivation for the use of timber was the associated
environmental benefits and savings. However, the project is also intended to be a pilot
project in an effort to industrialize the wood construction system and process in order to
facilitate its replication (Kleppe 2014).
Treet is a residential building comprised of sixty-two one and two bedroom
apartments measuring 43 m2 and 64-66 m2 respectively. Almost every unit has its own
balcony. There is a gym on the eighth floor and roof-top terraces on the twelfth and
thirteenth floors. There is parking and tenant storage in the basement (Abrahamsen 2013
Kleppe 2014 and 2015). The project client is the Norwegian housing association Bergen
og Omegn Boligbyggelag (BOB) Consulting AS. The project Architect is Artec Prosjekt
Team AS (Abrahamsen 2013, Kleppe 2014).
Design engineering began in 2010, while the detailed engineering began in 2012
and building permits were granted in 2013. The actual ground and concrete work began
in May 2014. By December 2015, Treet was complete and residents began moving in
(Kleppe 2014 and 2016). The actual construction time for a fully complete, fourteen-story
residential building was just one and a half years.
The design was a verified master's thesis from the Norwegian University of
Science and Technology (NTNU). The project employed specialized structural engineers,
fire and acoustic specialists, among others. Further support for the project came from
Innovation Norway and the Norwegian Institute of Wood Technology. NTNU and
Trefokus AS offered expert development assistance as well. Additional support came in
the form of a grant from Enova (Abrahamsen 2013, Kleppe 2014).
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Structural design and construction
The all timber structure is supported by a concrete foundation. The primary loadbearing system is comprised of glulam beams and columns. CLT is used as the wall and
ceiling elements in the hallways, in the stairwells and elevator shafts, and for the
balconies. The prefabricated housing modules are also timber-framed. It is a structure that
wisely uses glulam and CLT in situations where their properties are most appropriate.
The Eurocode was used to establish design load specifications. The baselines of the
rectangular footprint are 23x21 meters with a total building height equal to 45 meters
(Abrahamsen 2013).
As it is a relatively lightweight tall building, it was found that wind, and thus
dynamic design, was the largest governing factor. A Robot modeling system was used to
insure accurate parameters, including those governed by human response to vibration.
Extra dynamic behavior testing was required for the modules as there was not enough
existing knowledge. The additional tests were conducted at NTNU, using non-destructive
methods. There is a maximum horizontal deflection in the fourteenth story of 17mm. The
first large storm to occur after building occupation happened in December 2015. There
was no reported discomfort, though continued monitoring will occur (Kleppe 2016).
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(a)

(b)

Figure 3.9

(c)

Treet structural elements

(a) CLT elements
(b) Stacked modular units
(c) Glulam structural system
Courtesy of BOB
The glulam trusses are manufactured by Moelven Limtre AS to meet strength
classes GL30c and GL30h, in accordance with EN 14080: 2013. Average cross-sectional
dimensions of the columns are 405x650 mm and 495x495 mm, while the diagonal crosssection is 405x405 mm. The glulam members are joined using slotted-in, high-capacity
steel plates and dowels. These types of connections are commonly used in bridges and
other large capacity structures. The structural system was inspired by such high capacity
bridges. To reduce wind motion, there are diagonal glulam braces that tie into the core
framework of the structure. Additional weight has been added as well. Structural
engineering, acoustics, and building services were provided by the firm Sweco AS
(Kleppe 2014 and 2016).
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Figure 3.10

Detail of glulam and steel joints

The steel assemblies are concealed within the timber elements to protect them from fire.
Courtesy of BOB
The CLT panel dimensions are between 120-200 mm thick, up to 3 meters wide
and up to 20 meters in length, and are used for elevator shafts, stairwells, and stairs. The
corridor ceilings and walls are also comprised of CLT, as are the balconies. Despite its
use in the hallways, the prefabricated CLT wall elements do not add to the overall
horizontal stability of the building. They are autonomous from the load-bearing structure
(Abrahamsen 2013, Kleppe 2016).
The apartments are comprised of prefabricated, one-story modular units. The
building modules were designed and built by Kodumaja AS. The units are stacked on top
of each other, with the highest stack being no more than four stories. The external, loadbearing structure is erected around the stacked units. Prior to arrival at the site, the
external structure had been prefabricated by Moelven Limtre AS into large frames to aid
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in assembly time. There is only 25 mm between the glulam structure and the modules
(Kleppe 2016).
Between the vertically stacked module section are super-reinforced, one module
high “power stories.” The support system for the “power stories” is comprised of 3meter-thick glulam lattice beams that anchor into the load-bearing matrix. The roof of
these stories is comprised of a prefabricated concrete slab. Though the concrete does tie
into the trusses, its main purpose is to improve the dynamic behavior of the structure by
adding mass. The slabs also served as temporary roof structures to protect the wood
elements during construction. The first section of modules is stacked four-stories high on
the top deck of the parking structure below. The fifth story is a “power story.” Stories six
through nine are stacked on top of the concrete roof element of the “power story” below.
The tenth floor is another “power story” that supports stories eleven through fourteen, the
final section of the building (Abrahamsen 2013, Kleppe 2016).
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Figure 3.11

Assembly procedure

Courtesy of BOB
The exterior of the timber structure is almost entirely covered by glass or metal to
protect it from the elements and reduce maintenance costs. The façade is comprised of a
combination of Tricoya® wood, corten steel and glass. The north and south faces are
glassed in, while the east and west are metal cladded. The glass façade protects the
apartment balconies and also enables the glulam system to be visible from the inside and
out. The gabled walls are thickly insulated and lined to ensure high thermal performance
(Abrahamsen 2013, Kleppe 2016).

62

(a)

(b)

Figure 3.12

Installation of the modular units and structural frames

(a) Installation of modular units
(b) Installation of structural frames
Courtesy BOB
A detailed plan was created to ensure smooth and expedient installation of the
project. On-site construction primarily involved the installation of the various
prefabricated systems. It was done using a tower crane and climbing scaffolding. While
the prefabrication greatly facilitated the construction process, it also meant that there was
little to no room for deviation from the plan (Abrahamsen 2013, Kleppe 2014 and 2016).
Fire prevention and code compliance
Timber has not been pre-approved for use as the main structural material for tall
wood buildings in Norway. As a result, the design team had to prove that Treet would
meet compliance to the performance parameters in the alternate materials section of the
code (Kleppe 2016). The fire-safety design was done in accordance with the reduced
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cross-section method in Eurocode 1995-1-2. The calculations were used to establish the
basis for the design requirements of the timber members by determining the dimensions
required to withstand member failure. The firm Sweco AS oversaw the fire-safety design
(Abrahamsen 2013, reThink wood 2014, Kleppe 2014 and 2016).

Figure 3.13

Fire coated, exposed CLT and glulam elements in the stairwell

Courtesy of BOB
In compliance with the code, the main load-bearing areas were designed to
withstand a 90-minute fire, while the secondary meet 60-minute ratings. No gypsum was
needed as the glulam elements are so thick as to burn for 90 minutes without failure. The
modules are also R90 and tests have shown that a fire will self extinguish before any
possible spread can occur. Additionally, all connections are concealed within the timber
members to eliminate risk of fire damage and the spaces between columns and beams is
filled with fireproof joint filler (Abrahamsen 2013, Kleppe 2016).
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There is a building-wide sprinkler system for further fire protection. The fire
safety design also makes use of high pressure in the stairwells and elevator shafts. In
addition, all of the exposed wood along escape routes is coated with fire resistant paint
(Abrahamsen 2013, Kleppe 2014 and 2016, reThink wood 2014).
The site did not require robust seismic resistance and so none was included in the
design. In light of this, the lowest module stack is designed to resist a moderate seismic
event, while the remainder of the building is not. However, the seismic performance of
the overall structure is presumed to be relatively robust due to its weight and the
predominant use of wood. (Kleppe 2016).
Environmental benefits
There are 550 m3 of Norwegian spruce glulam and the 385 m3 of German spruce
CLT in Treet. That equates to over 900 m3 of timber without the inclusion of the timber
in the modules. Including the timber modules, there are roughly 2000 tons of CO2 being
stored in the building (Kleppe 2014 and 2016). Using the formula from Dovetail Partners
(2013) and Sathre and O’Connor (2010) this equates to over 546 tons of carbon which
translates to averting the release of more than 1,000 tons of GHG’s.
Further environmental benefit is imparted by the urban infill nature of the project.
Additionally, all of the residents have access to the use of a communal electric car. There
are only twenty-five parking spaces for all sixty-two apartments (Kleppe 2016). The
communal car and the reduced number of parking spaces discourage personal car
ownership and driving in general, both of which have inherent eco-benefits.
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Figure 3.14

Interior view of one of the Passive House compliant apartments in Treet

Courtesy of BOB
Each timber framed module is passive house compliant. Compliance is achieved
via super insulated walls and floors. These measures also impart superior acoustic
performance (Kleppe 2016). To be passive house compliant, the annual heating load must
be no more than 15 kWh/(m2a). The passive house model can reduce heating use by
ninety percent (passreg.org 2016). Reducing building energy use has many documented
eco-benefits. It is also economically advantageous. A grant by Enova was given to the
Treet project team to aid in accomplishing the goal of being passive house compliant
(Kleppe 2014).
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Wood Innovation and Design Centre: Prince George, British Columbia

Figure 3.15

The WIDC

Courtesy MGA
The Wood Innovation and Design Centre (WIDC) is in Prince George, British
Columbia. The WIDC stands eight-stories including the mezzanine and mechanical
penthouse. At 29.5 meters tall it is currently the tallest contemporary timber building in
North America. It was designed for the province by Michael Green Architecture in
collaboration with Equilibrium Consulting. The provincial government championed the
project for its role in the promotion of the local forest economy. As it is designed to
display the potential of building tall with wood, the WIDC employs a variety of different
mass timber systems. The only concrete used in the building is in the slab foundation and
in the mechanical penthouse.
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The building houses office and meeting spaces as well as a number of
departmental spaces for the University of Northern British Columbia (UNBC). The first
three floors are dedicated to UNBC. They house the new, Master of Engineering in
Integrated Wood Design degree program. The lower levels also house the Centre for
Design Innovation and Entrepreneurship, a new program being offered by the Emily Carr
University of Art and Design. Among the facilities is a wood-product testing and
development lab as well as a lecture hall and classrooms. The upper floors of the WIDC
host offices for organizations that are involved in the wood industry (Wood Works 2016).
Michael Green is a strong proponent of building tall with wood. He developed
“The Case for Tall Wood Buildings” in collaboration with Eric Karsh which has been a
key factor in the awareness of and desire for tall wood in North America. The text is a
manifesto on the many environmental benefits to be gained from incorporating timber
into the realm of high-rise buildings. It also offers insights into dealing with local
building officials and ways around the current code restrictions. A variety of design
possibilities for tall timber systems is also included. Green has also made a number of
public appearances and Ted Talks regarding the subject and has many well developed
designs for timber towers of twenty or more stories. With the assistance of organizations
including Wood Works and FP Innovations among others, Green and Karsh developed
the “Finding the Forest Through the Trees” (FFTT) system of timber construction. FFTT
is designed to be easily replicated and capable of implementation in increasingly taller
timber structures. The WIDC was designed following the FFTT system and is intended to
serve as model for future projects (Green and Karsh 2012, MGA 2014).
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The WIDC received a number of design awards. It was awarded the 2015
Lieutenant-Governor of BC Award in Architecture (Merit). It was also granted the 2015
AIBC Innovation Design Award as well as the 2015 RAIC Award of Excellence for
Innovation in Architecture (MGA 2014).
Structural design
The overall structural design is a simple, balloon-framed, “dry” construction
system. Balloon-framed construction implies that the columns are overlaid, end-to-end,
on top of each other. “Dry” construction refers to a process that predominantly entails onsite assembly of prefabricated elements. As such, the system requires minimal water use,
hence the term “dry.” The load bearing structure is comprised of a combination of glulam
beams and columns joined into CLT walls and floors. The elevator shaft and stairwells
are also made of CLT and are the primary source of lateral, core support for the structure.
The stairs themselves are made of LVL.
In order to showcase the use of wood, the timber elements were exposed as much
as possible. This required that special attention be paid to keeping the wood members
clean and protected. Protection was achieved by keeping the members wrapped throughout transport and construction. It was also possible to deliver some elements to the site on
the day of installation which further ensured their protection. Nicola Logworks was
responsible for cleaning and finishing all of the exposed wood surfaces after installation
(MGA 2014, Wood Works 2016).
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Figure 3.16

Exposed wood elements of the interior

Courtesy MGA
As is typical of balloon-framing, the glulam columns are placed end to end,
parallel to the grain then joined by metal splices. The beams are framed into the sides of
the columns with dovetailed aluminum connectors (Pitzle). This means that the columns
span the entire height of the building, uninterrupted. The vertical load is carried by the
end grain of the glulam members. These aspects of the design enable the exclusion of any
cross-grain elements in the vertical load bearing system. The beams and floor assemblies
are also excluded from the vertical load path. The crushing strength of wood parallel to
the grain is ten times as strong as perpendicular to the grain. Thus, eliminating crossgrain from the vertical load reduces the risk of cumulative shrinkage and the associated
negative effects. For this reason, it is essential in the creation of ever taller structures
(MGA 2014, Wood Works 2016).
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Figure 3.17

The WIDC construction sequence

Courtesy MGA
To aid in acoustic performance the floor elements are constructed of two, overlapping layers of CLT panels, three-ply on top and five- or seven-ply on the bottom. The
panels are interlaid with a layer of HSK mesh. The mesh is comprised of perforated steel
plates and adheres the two CLT layers together. The mesh forms a rigid connection that
causes the two layers of panels to act as one. However, it also has ductile action and is
designed to fail before the wood or adhesives in the case of a seismic event (Marsh 2014,
MGA 2014). The floor assemblies are supported by LVL ledgers with self-tapping crews
at the core walls. In order to enable the CLT panels to be visible from below, cavities for
building services were created in the panels. The cavities were fitted with wooden panels
to hide the service hardware and facilitate maintenance. Appearance-grade Douglas fir
was used as the bottom lamination of the CLT floor elements. Acoustic design was
provided by Aercoustics Engineering Ltd. (MGA 2014, Wood Works 2016).
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Figure 3.18

Floor assembly detail

Courtesy MGA
The curtain wall is comprised of vertical LVL mullions with applied aluminum
wall sections. The window mullions are also made from LVL as opposed to the
conventional practice of using aluminum. The use of a wood-based product as opposed to
aluminum in that particular application had not previously occurred in a project of this
size. The building envelope was developed by RDH building Engineering Ltd. The
exterior finish is structural insulated panels (SIPS) sheathed with a combination of
prefabricated, untreated Western Redcedar panels and charred versions of the same
elements. The charring of the panels further prevents the action of moisture and insects. It
enhances fire protection as well. The technique has been used for centuries in Japan.
Great care was taken with the design and installation of the building envelope
with regard to moisture control. Well drained and ventilated rain screens were installed as
protection against direct environmental moisture sources. The risk of condensation was
mitigated by the thermally-broken, triple-glazed curtain wall and the implementation of
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vapor retardant elements along the SIPS and in the roof. Insulation detailing prevents the
occurrence of thermal bridging which further reduces the risk of condensation.
Additionally, FP Innovations has installed sensors throughout the structure. The
sensors will monitor all aspects of building performance, from moisture to acoustics. In
keeping with the spirit of the WIDC as a demonstration and promotion of the capacity for
tall timber, all of the data provided by the sensors will be made available at no cost in the
interest of encouraging further tall wood projects (Wood Works 2016).
Structural engineering for the WIDC was provided by Equilibrium Consulting,
while the construction was handled by PCL Constructors Westcoast Inc. MMM Group
Ltd. provided mechanical and electrical engineering assistance. The building permit was
awarded in March 2013 and construction began in August of the same year. WIDC was
move in ready by October 2014 (Lepel – Bute 2012, MGA 2014).
Fire prevention and code compliance
As with the U.S., timber buildings are restricted by height in British Columbia.
The maximum allowable height for timber projects is six-stories. The WIDC is the first
contemporary building to go beyond that restriction. Permission to surpass the code was
granted by the provincial government. The only limiter to the scope of the project was the
available resources of the local fire department. Extensive tests and engineering analyses
were carried out to determine fire and smoke separations as the majority of wood was unencapsulated. B.R. Thorson Consulting Ltd. assisted the project team with code
compliance (MGA 2014).
Despite circumventing the code with regard to height restrictions, the WIDC
followed the code as it related to fire safety. Fire protection of the CLT elements was
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done using the reduced cross-section method, in accordance with the specifications
outlined in the Canadian edition of the CLT Handbook and the Canadian building code.
The desire to have a large portion of the wood exposed, as opposed to encapsulated in
gypsum panels, required the CLT panels to be overbuilt in order to achieve time-rated
compliance. No further fire stop systems were prescribed. The floor and wall assemblies
are designed to withstand 60 and 90 minute fires respectively. The elevator shafts,
stairwells, and exit pathways are rated to 60 minutes.
Since CLT elements have proven fire performance, the main factors in fire spread
and damage are the connections. Panel-to-panel as well as panel-to-alternate assembly
connections are equally important. In response to this, the team embedded the steel and
aluminum structural connectors in the wood members to protect them from fire. After
selection, the joint assemblies were laboratory tested in order to prove performance
compliance.
Further fire safety was gained through the inclusion of fire fighter access points
on each level of the building. This ensures adequate access and thus offers more robust
protection. The elevator shaft and the emergency stairwells are coated with an
intumescent coating that expands when exposed to heat, slowing the rate of flame spread.
Any small cracks between the stair components were sealed to further prevent the spread
of smoke. There is a building-wide sprinkler system. CHM Fire Consultants Ltd.
provided guidance for the project (MGA 2014, Wood Works 2016).
Care was also taken to protect the WIDC from fire during the construction
process. A protection plan was based on best-practice parameters laid out by the
Canadian Wood Council (CWC), for safeguarding active building sites. The local fire
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department was also an agent in the development of the plan. The key strategies included
twenty-four-hour security and the installation of stand pipes, for firefighting, as the
building gained in height. In addition, the use of “hot” techniques were minimized. As
an example, crimping was preferred over soldering as a means of connection. In addition
to the physical prevention measures, a large public awareness effort is ongoing to educate
regarding the differences between light frame and heavy timber construction with regard
to fire protection (MGA 2014, Wood Works 2016).
Environmental benefits
There are many eco-benefits to the WIDC. The 1,519 m3 of timber stores 291 tons
of carbon. In terms of CO2 and GHG’s this number can be translated as the sequestration
of 1,066 tons and the prevention of the release of 611 tons respectively. The minimization
of concrete in the project also imparts many previously discussed improvements to the
environmental footprint of the project. As an example, it means that the building
elements will be easier to dismantle and repurpose following the end of its service life
(MGA 2014). The ability to reuse, reduce, and recycle materials greatly enhances their
environmental footprint.
In order to fully understand these gains two designs were created: one of wood
and one of concrete. Choosing to build the WIDC primarily with wood reaped an eightyeight percent improvement with regards to global warming potential (GWP). Smog
potential and ozone depletion were reduced by thirty-nine percent and fifty-four percent
respectively. Additionally, the use of non-renewable energy sources was almost half of
what it would have been had concrete been the primarily material. Acidification potential
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was also almost cut in half. Lastly, there was a thirty-three percent improvement in
human health related air pollution criteria.
The “dry” construction system also factors into the eco-benefits of the building in
that it places less stress on water resources. The high degree of prefabrication inherent to
“dry” systems also imparts many, previously discussed, environmental gains. Further
environmental gains are contributed by the utilization of passive climate control. The
WIDC is LEED Gold certified, the second highest rating available. To achieve this rating
the building had to show that it displayed a wide variety of eco-beneficial materials and
practices. MMM Group Ltd. assisted with the certification process (MGA 2014, reThink
Wood 2014).

Figure 3.19

The WIDC unfolded

The quantities of glazing and cedar siding vary depending upon directional face to
maximize passive climate control capacity. Courtesy MGA
Additionally, the WIDC is one of the first buildings in North America to obtain an
environmental building declaration (EBD). Similar to EPD’s, the purpose of an EBD is to
examine and document a buildings environmental impact. The assessment covers a time
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span of fifty years, which is the current, estimated service-life for buildings. The WIDC’s
EBD was conducted by the ATHENA Sustainable Materials Institute. The Institute
incorporated over seventeen categories, including inputs and outputs, material impacts,
and resource use. The service-life energy and water use were also included. As was data
regarding the impact of carbon sequestration in the lumber and the long-term effects of
the replacement of steel and concrete with wood (Wood Works 2016).
Discussion
These three projects are different in scope and scale. They employ different
methods of structural support and different building systems. They are in different parts
of the globe and they are used for different purposes. Additionally, while the
environmental aspects of wood factored into the decisions, each project was influenced
by different reasons to utilize mass timber.
However, all three of the buildings do have some things in common. The loadbearing systems of all three projects utilize CLT and, or, other types of mass timber as the
primary materials. Each project had to negotiate code restrictions relating to their height.
The other similarity is that each building is recognized as a leader in construction and
environmental innovation. The most significant shared quality is that each of the projects
reinforces that building tall with wood is not only possible but beneficial as well. Further,
they demonstrate that tall wood is achievable through a variety of methods and in
different environments, be they ecological, social, or political.
All three of the buildings garnered significant eco-benefits. Some form of passive
climate control was utilized by each project. Additionally, each project was built to
ensure excellent thermal capacities, which further reduced their draw on energy
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resources. Treet and the Tamedia building adhere to the stringent parameters of the
passive house design and the 2000-watt society respectively, while the WIDC was
certified LEED Gold largely as a result of its reduced energy demands. Furthermore, by
using large quantities of wood, each project sequestered substantial amounts of CO2 and
averted the release of many tons of GHG’s. Combined, these three projects prevented the
release of over 1,900 tons of GHGs and sequestered more than 4,600 tons of CO2.
One of the key factors that was influential to the success of each project was a
profound level of co-operation among all parties involved, from the owners, architects,
and engineers, to the construction and building service teams. Also of extreme
importance was the involvement and participation of code officials and regulatory bodies
at an early stage in the project. Such involvement fostered a mutual sense of respect
among all involved parties, which further served to facilitate the entire process. As Simon
Whacker of Itten+Brechbühl AG, one of the firms behind the Tamedia project, stated in a
2015 online interview by World Architects:
The long-lasting collaboration with the authorities was characterized by mutual
respect and understanding. The attitude of "together we can do this - even though
we don't know how yet" shared by those involved is the premise for the success of
such a project.
This quote perfectly illustrates the collaborative attitude that is essential for the
development of a tall wood movement, particularly in the early stages when there is still
much to be figured out.
The importance of co-operation is further illustrated by the academic and
organizational support that played such a key part in the success of Treet and the WIDC.
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The design for Treet was a master thesis at NTNU. The testing of the apartment modules
represents another layer of collaboration with the university, as the institution undertook
all of the additional tests that were required to determine the appropriate design
parameters. Additional support was conferred by the grant from Enova to assist in
meeting the passive house requirements. The involvement of organizations such as FP
Innovations and Wood Works was equally integral to the success of the WIDC. The
WIDC was also facilitated by the unfailing support it garnered from the Provincial
government of Prince George, BC. Though the governmental support via funding, as the
building is owned by the provincial government, was certainly a key factor, the bypassing
of the height restriction in the code was perhaps more integral to the projects success.
As the following chapter will illustrate, the governmental and organizational
support that was so crucial to the success of the WIDC, is also available in the U.S., as is
the academic support that was seen in Treet. These available support networks are
perhaps the greatest opportunities for the development of tall wood buildings in this
country. The United States Department of Agriculture (USDA) recently hosted the Tall
Wood Building Prize Competition. Additionally, Mississippi State University in
Starkville, Oregon State University in Corvallis, Clemson University, Virginia Tech, and
the University of Maine in Orono are all actively pursuing mass timber and/or tall wood
research projects. These are some of the top forest products schools in the nation and
their involvement in this movement demonstrates the readiness for tall wood buildings.
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POTENTIALS AND APPLICATIONS
Many of the potentials and applications for the development of a tall CLT and
mass timber market in the U.S. have already been discussed in this paper. However, the
topics that follow, while having been mentioned, have not yet been discussed in detail.
The numerous eco-benefits and innovative design possibilities associated with CLT and
mass timber have captured the attention of the nation's designers and architects. The
structural and performance capacities of these materials have also attracted engineers and
scientists. While these benefits and capacities have not gone unnoticed by various levels
of government, it is the job creation and economic invigoration that would follow the
development of a tall wood market that has really grabbed their attention.
The potentials of tall wood have inspired designs for many innovative projects
that, if realized, have the potential to revolutionize the built environment. In
collaboration, engineers and scientists have developed innovative ways to accomplish
these designs, and have also begun to realize the potential offered by CLT and mass
timber to create resilient buildings. Meanwhile, various levels of government have begun
to see the value in these undertakings and provide support. It is these undertakings and
support networks that will be addressed in this chapter.
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Governmental support
The forest products industry is important to the U.S., as is the health of the
nation's forests. Hence, it is not surprising that the federal government supports the
growth of a robust wood economy, and thus the development of tall CLT and mass
timber buildings. The nation's burgeoning market for tall wood is viewed in a positive
light by the USDA, as a development that is potentially disruptive to the status quo. In
other words, using CLT and mass timber to build tall buildings could improve the current
state of the building and construction and forest products markets (Homes 2015). This
governmental support is demonstrated in a variety of ways.
One mode of support is through the Comprehensive Procurement Guidelines of
the Environmental Protection Agency (EPA). The EPA guidelines dictate that attention
be paid to a number of factors whenever federal purchases and new projects are
undertaken. Most notable for wood construction among these factors is the preferencing
of bio-based materials, recycled content, and renewable resources. When applied to the
forest products sector, these categories promote “engineered wood products and material
derived from forest thinnings...” among other things (Bowyer 2008). That CLT can
satisfy these categories clearly marks it as a highly environmentally advantageous
material, whose market development should be strongly encouraged. The USDA also
supports the growth of the forest industry. As mentioned previously, a strong market for
forest products, with concomitant forest management, would help reduce the devastation
and economic burden that forest fires currently impose. Growing the forest products
sector would lead to additional job creation throughout the industry, further benefitting
the economy, particularly in rural areas.
81

The memorandum of understanding signed between the USDA and the softwood
lumber industries in 2011 demonstrates government support for wood products. This
support was reinforced in April 2015 when the USDA awarded a nine million dollar grant
to aid in growing the wood products economy and wood technologies. The award is
expected to leverage roughly twenty-three million dollars in additional industry funding.
This puts the total investment at over thirty million dollars (Lovett 2015, Bowyer et al.
2016, usda.gov 2016).
In addition, the USDA supports and encourages the development of innovative,
non-residential wood projects (Ritter et al. 2011). The most recent evidence of this was
the 2014 Tall Wood Building Prize Competition. Each of the two winners of the
competition was awarded a one-and-a-half million dollar grant to help offset the extra
financial burden associated with additional performance testing required for code
compliance. The two winning projects, Framework and 475 West 18th, are located in
Portland, Oregon, and New York City, respectively (Holmes 2015, Lovett 2015, Bowyer
et al. 2016).
The Framework project will be a twelve story mixed-use building located in the
Pearl district in downtown Portland. LEVER Architecture developed the building design.
The project will involve the regeneration of an old site, and as such, brings many of the
eco-benefits associated with urban infill. One of the project developers, Beneficial State
Bankcorp, will be located on the bottom floor, joined by several retail spaces. The bank is
drawn to the use of mass timber for its carbon sequestration and other attendant ecobenefits, and has already developed a four-story CLT and glulam building elsewhere in
the city. The remainder of the building will be divided between offices and workforce
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housing, a form of affordable housing. It is specifically intended for those involved in
service professions, such as nurses and teachers, who could not otherwise afford to live in
and take advantage of the many benefits associated with urban residence. Framework is
bypassing the local city code and gaining approval directly from the state of Oregon, as
the state is in favor of tall wood for its ability to grow a larger wood market. However,
the design has gone through a lengthy peer review process and the builder is working
with a number of firms to facilitate and determine appropriate performance tests that
must be conducted. David Barber, of Arup, is consulting with the project regarding fire
performance, while the firm KPFF is providing structural engineering. The team is also
consulting with a number of European firms (Sheets 2015,
tallwoodbuildingcompetition.org 2016).
475 West 18th is located directly across from the Highline in Manhattan. The
design was developed by SHoP Architects. The ten-story building will be home to fifteen
luxury condominiums, ranging from two to four bedrooms. The design team hopes to
create an innovative structure that can serve as a template and inspiration for the future of
sustainable urban residences. The building will be strictly residential. Its location in lower
Manhattan will allow the residents access to the vibrancy of city life and the ecological
benefits it affords. David Barber with Arup is providing the fire safety consulting for this
project as well. In addition to the eco-benefits that drew the project team to the use of
timber, the building will also strive for a high level of LEED certification. Higher levels
of sustainability that are not encompassed by LEED will also be attained (Sheets 2015,
tallwoodcompetition.org 2016, shoparc.com 2016).
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The Tall Wood Competition, and thus these two projects, was developed to pave
the way for future tall wood buildings and the ecological- and economy-positive
potentials they present. The Federal Government recently pledged to reduce CO2
emissions by one-hundred-twenty million tons in the coming years. Increasing the
number of tall wood buildings is a proven method of carbon reduction. In addition, as
discussed above in reference to forest management, growing the U.S. tall wood products
industry would boost economic prosperity in rural and urban areas (Holmes 2015). These
sentiments have been echoed by the teams of both the winning tall wood projects. As
Erica Spiritos, of 475 West 18th, said, “by choosing to develop a timber building, we hope
to pave the way for a new method of urban construction that is ecologically conscious
and supportive of rural economies.” And this statement by Anyeley Hallova from the
Framework project:
The relationship of our cities to our rural communities, what we call ‘forest to
frame,’ is strengthened by Framework…On a national scale this project will be
catalytic, leading to more, tall wood buildings, driving more wood products and
wood product innovation, and boosting rural economic development.
Job creation and innovation
According to Ritter et al. (2011), the U.S. forest products industry contributes
over one-hundred billion dollars to the gross domestic product and directly employs more
than a million people. The U.S. Secretary of Agriculture, Tom Vilsack, states that the
wood products industry employs over 547,000 people in the manufacturing and forestry
sectors, while, another 2.5 million jobs are provided by the nations private forest owners
(tallbuildingcompetition.org 2016). Meanwhile, on an international scale, the building
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and construction sector is responsible for the generation of over seven-and-a-half trillion
dollars, ten percent of the global GDP, and employs roughly one-hundred-eleven million
people (UNEP 2016). These are huge numbers and they represent the strength and
importance of these sectors. However, from another perspective, these numbers also
represent the potential for the growth of the forest products sector. During the 2014 Tall
Building Prize Competition award ceremony, Secretary Vilsack praised “nextgeneration” wood products, i.e. CLT and mass timber system, for their job creation
potential. If these products can achieve non-residential market penetration of just five to
fifteen percent, it would mean an annual increase of between .8 – 2.4 billion board feet of
lumber. Each million board feet of processed wood creates an estimated thirty-five jobs
(tallbuildingcompetition.org 2016). In other words, growing a tall wood market in the
U.S. could result in the creation of over seventy-thousand new jobs. This number only
relates to the manufacturing and forestry sectors and does not include any concurrent rise
in employment in the building and construction sectors that would be likely to occur.
The current estimate from the U.S. Bureau of Labor Statistics is that as of January
2016, five percent of the population is unemployed. That means that there are close to
eight million people who need work (bls.org). Consider this in light of the fact that the
"great recession" of 2008 resulted in the closure of over a thousand sawmills (Holmes
2015). This paper has presented information from a variety of sources extolling the
potential of the tall CLT and mass timber building market to create jobs and provide
economic stimulus across a range of sectors. The tall wood market could spur the
reopening of many of the shuttered mills.
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The growth of a tall CLT and mass timber building market in the U.S. has the
potential to create an avenue for forest thinnings and disease and insect killed trees. As
previously discussed, this market development would reduce the economic burdens of
fighting fires. The freeing of Forest Service resources would lead to further job creation,
as the Forest Service would be able to invest in new research and development projects,
hiring more people for new jobs (Dramm 2015, Holmes 2015). This investment in
research would also lead to an increase in innovation.
There is a clear link between innovation and industry performance. Industry
competitiveness is correlated to innovation (Hansen et al. 2011). Yet, for some reason,
the U.S. wood products industry has not been a historically aggressive innovator. Codes
and marketing of non-wood materials have squeezed the wood building industry. But the
ingredients for a turn-around are here. The U.S. is one of the largest producers of forest
products. It is time for it to take its place as one of the greatest timber innovators as well.
CLT and tall mass timber buildings are currently at the forefront of innovative
development. Globally, there have been over twenty-one completed tall wood buildings
(Bowyer et al. 2012). Though none of these are in the U.S., programs such as the Tall
Wood Competition make it evident that the U.S. market is ready to join the movement
toward tall wood. There are ample opportunities for the nation to take steps to become a
global leader in this new technology. The grand scale afforded by CLT and mass timber
products also offers an entirely new way of thinking about architecture and the way
humans connect to the built environment (Flemming et al. 2014, Gines 2015). As with
the development of the skyscraper, a building typology that transformed the world, the
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U.S. once again finds itself in a position to completely transform conceptions of the way
we view and relate to the buildings we create.
Resiliency
Another, less abstract, form of innovation offered by tall CLT and mass timber
buildings is the potential to create resilient buildings. This is an exciting possibility.
Building resiliency can be defined as the ability of a building to withstand a major
seismic event without catastrophic damage. Resilient buildings are categorized by the
ability to be re-inhabited, without needing extensive repair, shortly after an earthquake
has occurred. The inherent seismic performance of wood coupled with the strength of
CLT and mass timber members are what affords resilience potential (Pei 2015). The
benefits of resilient buildings are as numerous as they are self-evident. The primary goals
are to lessen the severity of damages and increase the viability of recovery initiatives,
while the overall desired effect is to lessen the levels of trauma that stem from seismic
disasters.
Resiliency is dependent on the ability of the building to absorb and dissipate the
large amount of energy and associated lateral loads resulting from seismic events. The
current, fully-connected system of panelized construction is too rigid to absorb severe
loads and remain structurally undamaged. However, test performance of CLT and mass
timber systems has demonstrated that with continuing research and connection
development this type of energy dissipation behavior is attainable. The performance of
these types of wood buildings has shown that they offer greater resiliency potential than
conventional steel and concrete buildings. Research projects and full scale testing of
resilient systems are being undertaken at the time of this writing. The expectation is that
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CLT buildings of ten stories or more will be achievable in the highly seismically active
Pacific Northwest region of the U.S. by the year 2020 (Pei et al 2014, reThink wood
2014).
There are three primary methods that have been developed to advance resilient
tall timber building systems: deformable floor diaphragm, single-story pre-stressed recentering walls, and segmental rocking wall systems that span multiple stories. The
primary purpose of all three systems is to achieve efficient modes of energy and load
dissipation in order to increase the dynamic, kinetic behavior of the structure. Essentially,
they create multiple resilient layers distributed throughout the height of the building.
These layers allow for the dissipation of energy along specific channels, while the rest of
the building can remain fairly rigid (Pei et al. 2014).
Because of the larger cost associated with developing seismically resilient
buildings, a tiered system has been suggested. This would allow building owners to
decide what level of protection they wish to have. It has been proposed that a tiered
system includes three levels of building performance: code minimum, code plus, and
resilient. The current state of tall CLT and mass timber structures, using the tiered
designations, is code minimum (Pei 2015). For example, a code minimum building in an
occurrence of a maximum considered seismic event would not collapse, but would still
undergo a great deal of damage. Repair time for this tier after such an event is greater
than six months. A code plus building would survive a major seismic event with
moderate damage and have a repair time between two and six months. A resilient
building would survive a major seismic event with minimal damage and have a repair
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time of just one to two months. For prediction purposes, a maximum considered
earthquake has a two percent chance of occurrence in fifty years (Pei et al. 2014).
The Framework project discussed in the previous section will be a resilient
building, utilizing a rocking wall system to achieve resilience. The implementation will
include continuous CLT panels connected by steel rods running throughout the building.
The combination creates a rocking wall assembly that will self correct after seismic
events. If an event occurs, only the connectors will need to be repaired prior to reinhabitance (Sheets 2015).
Urban infill and densification
The Framework project, as discussed above, is part of the redevelopment of a site
in an up-and-coming district in downtown Portland, Oregon. As such, its disaster
resiliency also represents an effort to enhance urban revitalization. Its use as a combined
work, retail and living space encourages the eco-beneficial behaviors associated with an
urban lifestyle, e.g., walking to work and utilization of public transportation. These
activities and ready access to a variety of cultural and social systems are key attributes of
the enhanced sustainability associated with well-planned, dense urban centers.
The concept of building “waste” is predicated on the supposition that after energy
and other resources have served the building sector’s intended function, they cease to be
capable of employment for other applications. The only reasonable actions that can ensue
if this is the case are abandonment, or bulldozing and landfilling. Urban infill, brownfield
development, and the revitalization of abandoned or degraded neighborhoods are the
antithesis of the current urban development practices of greenfield development,
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abandonment of existing buildings, and outward expansion with new buildings that have
proven to be so detrimental to energy, material, and land resources (Lehmann 2013).
Reduction of waste extends beyond the construction site or material manufacturing, to the
repurposing and revitalization of buildings, and indeed whole neighborhoods that no
longer serve their original intended use or inhabitants. In this way, waste reduction is not
only a set of actions, it is a mindset, and as such demands a reassessment of the way our
urban centers are conceptualized and effected.
The density of urban populations is steadily increasing. This trend is projected to
continue and has prompted the calculation that by 2050 over seventy percent of the global
population will live in cities (UN Habitat 2008, Green and Karsh 2012, Silva et al. 2013).
Tall buildings are necessary in urban environments as space is at a premium and must be
used efficiently. Tall buildings also make more efficient use of energy resources than
single-family residences. Additionally, densely-packed urban spaces promote walking,
cycling, and other low-carbon means of transport, and are better suited to public
transportation systems. It is also easier to implement energy efficient, district-wide
heating and cooling solutions in densely packed cities (SOM 2013). The superior energy
efficiency of well-designed, dense urban areas can be illustrated by New York City. An
individual living in suburban New York state consumes over seven tons more CO2 than a
resident of New York City living in Manhattan (Mayo 2015).
However, despite the eco-benefits achieved through densification, the majority of
urban development utilizes large qualities of concrete and steel, two materials proven to
pose heavy environmental burdens. In short, current construction methods for urban
building and neighborhood development are unsustainable. They are founded on linear,
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one-way through-put depletion of non-renewable materials that require immense inputs
of fossil fuels to produce. In contrast, wood-based products have been proven to require
less energy throughout their life cycle, and can in fact be energy-positive. There are no
other conventional construction materials that achieve this (Wegner et al. 2010, Lehmann
2013).
In light of all this, the development of tall CLT and mass timber buildings, with
their carbon sequestration and other eco-benefits, can be viewed as a viable way of
creating sustainable cities. As has been discussed, ecological qualities are inherent to
CLT and mass timber systems. Their lower weight reduces the need for heavy equipment,
which, in addition to reducing energy inputs, imparts a much quieter construction site.
Noise and energy reduction are further aided by prefabrication, as it also reduces the use
of heavy tools and equipment. Prefabrication enables faster and safer construction,
requiring fewer material deliveries to the site. Reduction in deliveries and speedy
construction time both translate to less neighborhood disturbance. Furthermore, the
customization potential of CLT panels, coupled with the lowered equipment demands,
perfectly suit tall wood construction systems to the development of narrow or oddly
shaped sites with limited access (Lehmann 2013, Barber 2015). Customization
capabilities of wood construction also have positive implications for preservation or
repurposing of historic buildings, which are often included in urban neighborhood
revitalization. Lehmann (2013) states that the within the built environment, pre-existing
buildings are the largest sources of CO2 emissions. As such, retrofitting and refurbishing
these surviving structures is of great importance.
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The fact that seventy-five percent of buildings in the U.S. are ten stories or fewer
solidifies CLT and tall mass timber buildings as the ideal building blocks for sustainable
cities (Lovett 2015). The majority of completed CLT and tall mass timber projects fall
within this height range, and have thus been proven to be quite appropriate in such
applications. The ability to draw on a broad base of completed projects will greatly
facilitate the adoption of tall mass timber and CLT systems within the U.S. This is
reinforced by evidence from tests undertaken to prove fire performance. Access to this
information will reduce the economic burden associated with additional tests that are
required under the alternative materials provision of the code. In addition to the
proliferation of tall timber buildings occurring internationally, many construction firms
have investigated the potential for hybrid timber systems. Such systems are
predominantly constructed of timber, but utilize concrete and/or steel elements. For
instance, a concrete core or steel reinforced beams may be added for stiffness and added
compression support.
Hybrid timber towers
The ever-increasing emphasis on the ecological impact of the built environment
that has led the drive for the development of tall CLT and mass timber buildings has also
spurred investigations into just how tall timber can go. It has been largely concluded that
pure timber systems are not practical for the construction of very tall buildings, i.e.
twenty or more stories. However, with the hybrid inclusion of steel and concrete elements
with wood, heights exceeding forty stories are quite realistic. Though these types of
hybrid buildings have a larger carbon footprint than purely timber structures, they are still
significantly environmentally superior to conventional skyscrapers. This is particularly
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the case with respect to GHG emissions and embodied energy. In addition, the larger
carbon footprint is still offset by the greater efficiency capabilities of taller buildings, as
well as the increased urban density that they connote (Green and Karsh 2012, Lehmann
2013, SOM 2013, Bevanda 2014).
Skidmore, Owings and Merrill, LLP (SOM) developed a plan for a forty-twostory timber and concrete hybrid tower, called the timber tower research project. The
overall materials ratio was approximately seventy percent timber and thirty percent
concrete. The design was benchmarked against the Plaza on Dewitt in Chicago, which
was designed by the firm in 1966. Because of its light weight, the timber tower required
only sixty-five percent of the foundation required by the benchmark. The carbon footprint
of the hybrid tower was found to be sixty to seventy-five percent lower than that of the
benchmark. Fire performance was determined to meet time requirements dictated by the
building code. Material and economic efficiencies were comparable between the hybrid
prototype and the benchmark building. Overall, the firm concluded that hybrid mass
timber systems would be well suited to the construction of very tall buildings (SOM
2013).
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Figure 4.1

Timber Tower Research Project design

Image:
http://www.som.com/news/timber_tower_wins_2014_rd_awards_honorable_mention
(2016)
Green and Karsh (2012) also developed a prototype for twenty to thirty-story
hybrid timber towers. The resultant system is called FFTT and has already been discussed
in connection to the WIDC building. FFTT is a primarily timber and steel hybrid, as
opposed to the timber and concrete project developed by SOM. However, as with the
SOM project, FFTT also resulted in significant environmental benefits and the conclusion
that the creation of such buildings was quite feasible. In fact, the FFTT project led
Michael Green to assert in a TED Talk that tall timber buildings were not only feasible,
but were indeed necessary to the creation of a sustainable future (Green and Karsh 2012,
Green 2013, Bevanda 2014).
CEI Architecture (2014) also developed a plan for a forty-story hybrid timber
tower. Like the project put forth by SOM, this design utilized a mix of mass timber
elements and concrete. CEI’s design proved to be cost competitive with conventional
skyscraper construction. It was actually projected as having a five percent cost reduction.
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The timber elements in the project would sequester 10,000 tons of CO2. As the
calculations used earlier in this paper have shown, this is equivalent to the storage of over
2,700 tons of actual carbon and averting over 5,700 tons of GHGs into the atmosphere.
As with SOM (2013) and Green and Karsh (2012), the CEI project team concluded that
hybrid mass timber buildings can indeed be the wave of the future.

Figure 4.2

CEI Architecture timber tower design

Imaage: http://www.constructionspecifier.com/building-tall-with-wood-in-the-future/
(2016)
Van de Kuilen et al. (2011) developed another design for a hybrid timber and
concrete system. The building prototype they developed was forty-three stories tall. CLT
was the primary timber element, with the final materials tally being eighty percent timber
and twenty percent concrete. Van de Kuilen also found time savings in the construction
process, with a one-third reduction in crane use alone. This time reduction would
correlate directly with cost reduction, as heavy equipment rental averages six-thousand
dollars a month. As with the other projects, the team did not meet with difficulty in
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achieving fire performance calculations. Material efficiency and carbon sequestration
added to the eco-benefit of reduced construction time and intensity. The proposed
building would utilize roughly 26,300m3 of wood. This would avoid the release of 50,000
tons of CO2. To put that number into perspective, it is equivalent to removing thirtythree-thousand cars from the road for one year.
That three of these four hybrid system prototypes were developed by North
American firms confirms the readiness of the design community to make these innovative
projects a reality. Furthermore, the support that each project received from the scientific
and industry communities, in respect to funding and performance testing, validates these
projects as more than mere fantastical architectural dreams. It conveys the message that
very tall, hybrid mass timber buildings can indeed be realized and are worth serious
investigation. In fact, as is evidenced by Bowyer et al. (2016), tall hybrid mass timber is
already a reality. There is a twenty-four story tower currently being built in Austria,
slated to be completed in 2017. There is also an eighteen story building in the early stages
of construction in British Columbia, and plans are in the works for other such projects in
Europe and Australia.
Densification of the world's urban centers is coupled with the need to reduce the
impact of the built environment. This means that, in addition to being taller and denser,
cities of tomorrow will also need to be more sustainable and resource efficient. Creating
tall wood buildings is one of the few ways to satisfy both of these demands. As Lehmann
(2013) states, “ideally, shouldn’t our buildings be like trees and our cities like forests?”
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CONCLUSION
This thesis has presented information on the benefits of growing a tall CLT and
mass timber building market in the U.S. Chief among them are the potential job creation
and numerous eco-benefits. Evidence of the barriers to the growth of this market has also
been demonstrated. Most notably the structure of the IBC and misconceptions and a
general lack of awareness surrounding the use of wood-based products that pervade the
design and building communities.
As has been discussed, much educational and remedial work has already begun.
Design standards were developed for CLT and the material was adopted into the 2015
version of the IBC. Organizations such as FP Innovations, the SLB, Wood Works, and
reThink Wood have been active in material and system testing and promoting the use of
wood in non-residential projects. They are also undertaking vast ongoing education
efforts at all levels of the industry. The USDA Forest Service, in collaboration with
Wood Works, held a conference on mass timber at the Forest Products Laboratory (FPL)
in November 2015 in Madison, Wisconsin, which was booked to capacity. The attendees
represented a multitude of industries, from adhesive and CLT manufacturers to
researchers and education professionals. The Forest Business Network and Wood Works
are hosting another mass timber conference in March 2016 in Portland, Oregon. There
will be hundreds of presenters and attendance is expected to be high. Collaboration
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between the SLB and the USDA with regard to the Tall Building Prize Award further
demonstrates the increasing momentum of tall wood in the U.S., as do the designs for
timber towers that have been developed by some of the top firms in the country. This
paper itself represents one of a number of academic projects being undertaken to explore
the potential for tall CLT and mass timber building systems.
Tall CLT and mass timber systems take advantage of the positive attributes of
wood products in general, while also conveying their own unique benefits. They offer
fast construction times and safe construction sites. These materials also present
innovative and interesting design and engineering possibilities. Tall CLT and mass timber
buildings have been proven to provide robust fire and seismic safety performances. The
high degree of prefabrication involved in these systems often results in less intensive and
less intrusive building sites. This positions tall timber buildings as top candidates for
urban infill building and neighborhood retrofitting projects. Urban populations are
continually growing, and the sustainability of cities is contingent on densification. As
Lehmann (2012) states, “we must make every effort to future-proof the built environment
by designing more resilient urban systems and more compact urban housing.” Tall CLT
and mass timber buildings have been proven capable of accomplishing this goal.
Yet, many people throughout the building and construction sector are unaware of
the benefits of CLT and mass timber, and are thus resistant to the development of a tall
wood market. Largely due to a lack of information, many view wood as an antiquated
building material (Mayo 2015). Lack of knowledge and information regarding wood’s
capabilities, particularly with respect to CLT, results in a lack of use by architects and
designers and a lack of trust from engineers and code officials (Robichaud et al. 2009).
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Thus, one of the most important steps toward growing a CLT and mass timber tall
building market, is to educate and disseminate accurate information regarding the
performance of these materials. Though the need for education extends to all levels of the
industry as well as the general public, it is particularly needed with respect to architects
and engineers, as they are often most responsible for the selection of structural materials
(Werner and Richter 2007, Knowles et al. 2011, Mallo and Espinoza 2014, Barber 2015,
Mayo 2015). Increased cooperation between industry and academia, to further understand
and investigate material and building performance, will facilitate the educational process
(Mayo 2015).
The insufficiency of CLT availability in the U.S. also presents a barrier. This is a
bit of a chicken and egg scenario. Manufacturers may be unwilling to bear the economic
burden of development without a guaranteed market, while the design and building
communities are not willing to shoulder the cost of having to import material because of
a dearth of locally available product. There is no easy solution to this dilemma, but it is
likely that the availability of locally produced CLT would encourage its use by architects
and builders. Through conversations with a number of North American CLT
manufacturers at the mass timber conference at FPL the author was able to ascertain that
their production was growing, in some cases to the point of significant expansion. Market
success is dependent on such competition (Pei et al. 2014).
Height and material restrictions in the building code have also been demonstrated
to be barriers to the development of tall wood buildings. The expansion of U.S. building
codes to allow taller wood buildings, whether by moving toward a performance-based
code or simply expanding the current code, is a key part of the success of the movement.
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However, building codes are designed to accommodate public perceptions of risk, as well
as changes in technologies and architectural aesthetics. Hence, codes are more likely to
be amended when there is a larger demand for the inclusion of a given factor that requires
code change (e.g. atria). For this reason, it appears that while broadening the U.S. code is
important, the most significant step that must be taken is to educate the building and
construction sector and the public about the benefits and performance capabilities of tall
CLT and mass timber buildings. Greater awareness of these material factors may lead to
a greater demand for tall wood, which may in turn lead to a broadening of the code.
The bottom line is that coordination among academic, professional, and industry
actors aimed at increased understanding of wood is crucial to the increased use of wood.
Building technologies and building design develop hand-in-hand with public and
industrial understanding. The real chicken and egg problem involves the relationship
between increased utilization and increased awareness of tall wood. How are we to
become aware of what we have not seen? The academic sector is in a strong position to
take the lead in responding to this dilemma, as it is particularly capable of reaching
industry and public audiences alike. And the mechanisms and channels for sharing results
of research and investigation are already well established.
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